CPE 


What should be taught to chemical engineers? 


A MOST interesting enquiry into how often 
chemical engineers make use of various sciences 
and techniques in their day-to-day work, was recently 
carried out by Prof. Edgeworth Johnstone, newly 
appointed Lady Trent Professor of Chemical Engineer- 
ing in the University of Nottingham. The purpose 
of this enquiry was to provide some basis for a rational 
undergraduate course in chemical engineering now 
being planned in the University of Nottingham. 

At the outset of his enquiry, Prof. Edgeworth 
Johnstone circulated a questionnaire which contained 
a list of 24 subjects that could be taught to students. 
Graduate and corporate members of the Institution of 
Chemical Engineers who received this questionnaire 
were asked to mark those subjects which they had 
personally applied to their work during the past five 
working days. Altogether 2,624 questionnaires were 
sent out and 71%, of these were returned; the reply 
cards were subsequently sent to the Springfields works 
of the U.K.A.E.A. for processing on punched card 
machines. 

The result of this survey was described by Prof. 
Edgeworth Johnstone in a paper recently presented 
to the Institution of Chemical Engineers. It was 
stressed that advanced statistical techniques had been 
applied to determine the relative frequency of usage 
of all subjects specified in the questionnaire. In 
interpreting these results it was found expedient to 
rearrange the 24 subjects listed in the questionnaire 
into five broad groups (because many of the subjects 
were overlapping). The following figures finally 
obtained give some indication of the relative frequency 
with which chemical engineers, in the junior and 
middle ranges of the profession, applied various 


sciences and techniques: 
Relative 
frequency, °. 
42.3 
20.0 


Group 
Chemical engineering science 
Pure science 7 “ae 
Social science 18.4 
Communications ba 3 ae 10.8 
Other engineering science - - 5.1 
Higher mathematics “ sa ae 3.1 


[00.0 


From these figures Prof. Edgeworth Johnstone 
draws the conclusion that any chemical engineering 
curriculum besides teaching chemical engineering 
Science must be biased to some extent towards 
Management studies, economics, etc. 

_ The results certainly verify such conclusions, yet 
it may also be argued that nothing not well known to 
chemical engineers during the last 30 years has been 
demonstrated by this survey. Chemical engineering, 
a practised in industry is a group activity and, in 
Common with other group activities, entails some 
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familiarity with social sciences; management, economics 
and report writing are only some of the ‘ non-engineer- 
ing’ activities with which a young chemical engineer 
wishing to attain a position of responsibility must 
become proficient. Universities, ever since they first 
initiated chemical engineering courses, have paid less 
attention. to such subjects claiming (and who can 
deny it) that during the very limited period which 
a student spends in their care they can only be expected 
to instill a thorough grounding of engineering 
fundamentals. 

Were they to teach the social sciences in addition, 
an honours degree course could easily be extended to 
six years instead of the usual three or four. Moreover, 
curricula with strong leanings towards industrial 
requirements have always been taught at technical 
colleges (now promoted to colleges of applied tech- 
nology); it has been a well-understood fact that there 
is a distinction between university and technical 
college graduates both in aptitude as well as outlook. 

After all, perhaps, the existing status quo has not 
worked as badly as some would think it has. A funda- 
mental insight into the concepts of thermodynamics, 
chemical kinetics, mass transfer, heat transfer and 
unit operations will still take up more than enough of 
any student’s time during his university days. Let 
him indulge in the social sciences after he has graduated 
and to some extent mastered the physical and 
engineering sciences. 


Reactor accident at Idaho 


ORTUNATELY all who are engaged in the 

nuclear industry realise the potential hazard 
involved even in the smallest accident. Yet it comes 
as a grizzly shock to hear that just such a dreaded 
accident has happened—more dreadful in reality than 
the mind of the average science-fiction writer could 
concoct! An uncontrolled chain reaction (termed 
‘nuclear excursion’) took place in the SL-1 reactor 
at the National Reactor Testing Station in Idaho in 
January. Thanks to the complete frankness of the 
U.S. Atomic Energy Commission, all measures taken 
after this event have been fully reported to the Press. 

The first indication of trouble at the SL-1 reactor 
was an automatic alarm received at the A.E.C. security 
headquarters at 9.01 p.m. on January 3, 1961. At 
9.10 p.m., fire engines and security forces arrived at 
the site (accompanied by a health physicist) and 
entered the building. At 9.35 p.m., two more health 
physicists arrived with a 500-r./hr. survey meter; 
they observed radiation levels of the order of 500 r./hr. 
and saw some evidence of damage but no bodies. 

At approximately 10.35 p.m. another team of health 
physicists entered the reactor floor and saw two men, 
of whom one was still moving; they withdrew and 
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returned with another health physicist. Two of the 
group picked up the man who was still alive and put 
him on a stretcher—the other man was apparently 
dead. The man was taken out to the ambulance and 
examined by a doctor who subsequently pronounced 
him dead. The second body was recovered the following 
day. This operation was most hazardous, since the 
body was in an area where radiation levels were 
estimated to be approximately 750 r./hr. Because of 
the high radiation levels to be encountered the maxi- 
mum permissible working time on the reactor operating 
floor was limited to one minute per man; this neces- 
sitated the presence of a large number of men to aid in 
the operation. 

The third body was seen to be lodged in the ceiling 
above the reactor, but because of the high radiation 
intensity (above 500 r./hr.) personnel could not climb 
on to a beam to dislodge the body which was itself 
highly contaminated. Eventually this body was 
released by lowering it into a net beneath it. The body 
was removed from the reactor building on January 9. 

A commission to inquire into the accident has 
already been appointed by the A.E.C. It is thought 
that some possible causes of the accident may be due to 
manual movement of the centre control rod, steam 
pressure in the reactor, ignition of built-up hydrogen 
creating an explosive force in the steam space above 
the reactor, a metal-water reaction and the severing 
of a connection to the control rod. Nevertheless, due 
to the perilous radioactivity in the reactor building, 
the exact causes will not be established for some time. 


West Germany's chemical expansion 


EST GERMANY’S chemical industry con- 

tinues to expand rapidly. This was clearly 
shown at the last German Industrial Fair in 
Hanover. Compared with a production index of 100 
in 1938, the 1959 index has been estimated at 272. 
However, development in different branches of the 
chemical industry varies considerably; in plastics and 
synthetic fibres the increase over 1959 was 29%, 
whereas in inorganic chemicals it was only 6.5%. 
The overall increase was 14% and here it must be 
stressed that the main reasons for this expansion 
seem to be the increasing production of specialised 
chemical intermediates used in other processes (as, 
for instance, catalysts, industrial solvents, etc.). The 
following table gives figures illustrating this expansion. 


1957 1958 1959 
Output (in milliard DM) 17.19 18.05 20.52 


Export (in milliard DM). . 4.5 4.62 5.45 
Import (in milliard DM). . 1.6 1.74 2.10 
Production index (1938 = 

100) .. ae 4 ae 239 272 


Cost index (1938 = 100).. 188 187 183 


It is claimed by the West German Government 
that 62.7%, of all the chemical exports in 1959 were 
absorbed by European countries, as compared with 
61.3% in the previous year. It is noteworthy that 
24%, of these European exports were taken by E.E.C. 
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countries (the six) and 27% by E.F.T.A. countries 
(the seven). In the same way 60%, of all chemical 
imports came from European countries, of which 
28.6%, originated from E.E.C. countries and 23.4% 
from E.F.T.A. countries. This clearly demonstrates 
the futility of splitting Europe into two trading blocs. 

Ostensibly, Germany, which should have most to 
gain from the European Economic Community, will 
lose half her export market to the opposing bloc. 
West Germany’s chemical expansion is of course tied 
to the general boom throughout the European chemical 
industry. No longer is Europe as a whole so closely 
dependent on the economic good health of the United 
States, but, and this point seems often to be over- 
looked, there is little guarantee that this state of 
affairs can continue if two opposing trading blocs 
arise and snatch the bread from one another’s mouths! 


Money to burn 


HE modern accountant is trained to detect in- 

efficiencies in commercial or industrial companies 
by careful analysis of balance sheets, company reports 
and bank statements. It would be suicidal for any 
company managing director nowadays to neglect 
sound advice emanating from that quarter; yet how 
often is advice from the fuel technologist, who afier 
all is only a fuel accountant, wholeheartedly accepted ? 
In many industries, not least the chemical industry, 
fuel costs are still grouped under ‘ fixed costs’ and 
thus presumably considered irreducible! 

The national importance of fuel efficiency was 
realised only in 1954 when this country was still 
suffering from a serious shortage of fuel, which at 
that time threatened the development of industry. 
Largely as a result of the recommendation of the 
Pilkington Committee, a National Industrial Fuel 
Efficiency Service was then established. The subse- 
quent fuel saving was recently revealed by Sir Denis 
Proctor, Permanent Secretary of the Ministry of 
Power, who stated that in the three years 1955-58 
the annual fuel consumption fell by 83 million tons. 
Of this figure, 3 million tons was due to the prefer- 
ential use of oil, but the remaining 5} million tons 
was due to the steady growth of fuel efficiency. 
Indeed, this has increased at a faster rate than the 
Pilkington Committee had expected. This state of 
affairs is in no small measure due to the activities of 
the N.I.F.E.S., a non-profit-making organisation 
acting as a consultant to industry on problems con- 
nected with fuel efficiency. 

Only by stressing the actual wastage of money 
involved in neglecting fuel efficiency can this be 
appreciated by the industrialist. Although at present 
there is a national abundance of fuels, and it could 
even be argued that it is in the short-term interests of 
some organisations to encourage a high fuel con- 
sumption not necessarily linked with fuel efficiency, 
it must be realised that this state of affairs cannot go 
on for ever. Fuel wasted is not only money burned 
but a squandering of our national resources for which 
we must all be answerable to posterity. 
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Chemical engineering at Springfields 

HE virtual dependence of the nuclear industry on 

chemical engineering principles can be readily 
seen at the Springfields works of U.K.A.E.A. which we 
recently visited. In this plant uranium ore concentrate, 
imported from Canada or South Africa, is converted 
into uranium metal which is then fabricated into the 
machined rods for use in British reactors. 

Most stages of this conversion are well known 
and have been adequately described in existing 
textbooks. One stage, the conversion of uranyl 
nitrate to uranium tetrafluoride, involves quite a novel 
approach which is of considerable chemical engineering 
interest. This conversion is carried out in three 
fluidised-bed reactors as follows: Concentrated uranyl 
nitrate hexahydrate (UNH) enters the first reactor 
in which a bed of uranium trioxide is fluidised by 
a stream of air, oxidising the UNH to uranium trioxide. 
The UO, passes continuously out of the reactor by 
means of an overflow pipe into a storage hopper 
from which it is metered out into a second reactor. 
In this reactor a batch of UO, is fluidised with 
hydrogen gas for a given time at an elevated tem- 
perature when uranium dioxide is formed. This UO, 
is subsequently passed into a second storage hopper. 
From this hopper a given quantity of UO, flows into 
the third. reactor where the UO, is fluidised with 
hydrogen fluoride for a given time until full conversion 
to uranium tetrafluoride has been achieved. 

Thus only one reactor out of the three works on 
a continuous basis, but it is hoped that in the not-too- 
distant future all three reactors will be made 
continuous. Despite the partially intermittent nature 
of this process, it represents a considerable increase 
in efficiency when compared with conventional batch 
processes used elsewhere. 

U.K.A.E.A. chemical engineers are to be con- 
gratulated on developing such an elegant process 
which is far more complicated in practice than in 
theory. Factors such as proper selection of materials 
of construction for the reactors (especially the third 
reactor where HF gas is present) have proved a 
considerable headache; undoubtedly many new snags 
will have to be overcome until the whole process 
becomes continuous. 


Amalgamation of Research 

N these days of ever-more specialised research it is 

heartening to be informed that two industrial asso- 
Ciations, who feel that they can derive more benefit 
from a joint research programme, are about to amal- 
gamate their research. The two associations, the 
Research Association of British Rubber Manufacturers 
and the British Plastics Federation, recently decided 
to form a new combined rubber and plastics research 
association to be known as the Rubber and Plastics 
Research Association of Great Britain. 

At present there are two research bodies dealing 
specifically with rubber: the British Rubber Pro- 
ducers’ Research Association at Welwyn Garden City 
and the Research Association of British Rubber Manu- 
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facturers at Shawbury. There is no specific research 
association dealing with plastics as such. However, 
both B.R.P.R.A. and the R A.B.R.M. do cover most 
of the thermoplastics in their programme. It is 
inevitable that with the development of high polymer 
science the old-fashioned boundaries between rubbers 
and plastics are evaporating. It must not be forgotten 
that of the two industries, the rubber industry is the 
older and therefore burdened with many archaic pro- 
cessing techniques. Compared with this the plastics 
industry is a mere stripling dating from the 1920s. 
That the two industries should now feel that the 
time has come to pool research facilities is a sign of 
their maturity, since all too often the opposite seems 
to be occurring. The new association will be located 
at Shawbury, the home of the R.A.B.R.M., and it is 
not expected that the staff of R.A.B.R.M. will change 
basically although their terms of reference will be 
somewhat broadened. The Director will be Dr. W. F. 
Watson, one of the most brilliant polymer chemists in 
the world. It is largely as a result of Watson’s work 
on generation of free radicals during the shearing of 
rubber, that new techniques of grafting thermoplastics 
onto rubbers have been developed, thus vividly 
demonstrating the interdependence of high polymers. 

Perhaps this amalgamation will be the first step in 
the unification of the professional bodies of the rubber 
and plastics industries; there is now very little raison 
d’étre for two such bodies to exist independently. 
Indeed, would it not be far wiser to incorporate into 
a professional ‘ Institute of High-polymer Techno- 
logists’’ all those who are engaged in the rubber, 
plastics, and synthetic fibres industries? Besides 
unifying a subject that is at present senselessly split, 
this would also stress the importance of the high- 
polymer technologist in the chemical industry of 
the 1960s. 


Acetylene synthesis in France 


HE most important property of acetylene is its 

high degree of unsaturation; by saturating its 
reactive triple bonds many important organic chemical 
syntheses can be achieved. Already in 1862 Berthelot 
obtained acetylene by the action of electric sparks on 
methane. Subsequently other chemists discovered 
different methods of acetylene synthesis, but practical 
conversion into industrial processes was not under- 
taken until the first decade of this century, presumably 
due to inadequate raw material supplies and lack of 
special constructional materials required. 

During the last decade extensive deposits of natural 
gas were discovered in the Lorraine valley and the 
French government became interested in the problem 
of converting methane into acetylene. Eventually, in 
1953, Les Houilleres du Bassin de Lorraine concluded 
an agreement with the Société Belge de Il’ Azote (S.B.A.) 
who had investigated the methane-to-acetylene 
synthesis for several years. The first French plant to 
adapt this process on a large scale was erected at Carling 
and recently went on stream. 

The principle of the S.B.A. process is very similar 
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to the Sachse (B.A.S.F.) process. Sufficient energy 
must be provided for the endothermic reaction: 


2CH, > C,H, + 3H, 


by burning part of the feed with oxygen to give the 
exothermic reaction: 


CH, + 140, > CO + 2H,0 


The pyrolysis section of the partial combustion 
plant consists essentially of a burner in which streams 
of preheated methane and oxygen are mixed, burned 
and quenched. To avoid pre-ignition in the mixing 
zone the temperature of pre-heat is usually limited to 
about 600° to 700°C. and some form of burner block 
is used. A considerable amount of research was 
required to establish the proper burner form and 
dimensions; it was found that the burner must be 
entirely metallic to function effectively. Gas velocities 
through the mixing zone and burner block orifices 
were so selected that striking back of the flame is 
avoided. Immediately following the burning zone 
the mixture is quenched by water sprays—this is to 
prevent the reaction from going to completion (i.e. 
converting CH, to CO, and H,0). 

The quenched exit gases, containing only about 8°, 
acetylene, are then scrubbed to remove tar and soot. 
The cleaned gases are compressed to about 5 atm. 
and CO, removed by scrubbing with aqueous ammonia 
followed by caustic alkali. The CO,-free gas is next 
scrubbed with naphtha and passed on to the main 
absorber which selectively absorbs acetylene in liquid 
ammonia. Ammonia-acetylene is found to be a very 
stable form of storing acetylene. It has been estimated 
that the yield is about 25 kg. acetylene per 100 kg. 
methane feed. 


Rubbers and plastics—their radiation resistance 


N analysing the effects of irradiation on elastomers 

it must be realised that the compounding of a specific 
material may vary and that different conditions of 
irradiation may have been used from test to test. 
Consequently, values may not be consistent. This 
was mentioned in a paper recently published by 
R. E. Bowman of the Radiation Effects Information 
Centre, Batelle Memorial Institute. 

Several methods are available for improving the 
radiation resistance of elastomers. These include the 
use of fillers, addition of radiation-resist nt resins 
and the use of organic additives called ‘ <ntirads ’. 
In general, carbon black fillers are superior to mineral 
fillers. Resins have been used to improve the radiation 
resistance of gum stocks, but appear to have little 
effect on black stocks. 

A number of antirads have been found that will 
extend the retention of tensile strength and the 
ultimate elongation of natural rubber tread stocks by 
a factor of ten after irradiation. The best ‘ antirad ’, 
N,N-cyclo-hexylphenyl-para-phenylenediamine, has 
enabled a rubber compound to retain 99%, of its 
initial tensile strength and 88%, of its ultimate 
elongation after irradiation at 10! ergs/g. By com- 
parison, values of 36%, and 18%, respectively, are 
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exhibited by the normally protected control rubber 
compound. 

In general, the radiation resistance of plastics is equal 
to, or better than that for elastomers. Plastics with 
the highest resistance to radiation include polystyrene, 
mineral - filled phenolics and polyesters, phenolic 
laminates, polyethylene, polyethylene terephthalate, 
polyvinyl chloride, epoxies <nd_ glass - reinforced 
silicones. These materials are unaffected at doses varying 
from 10° to 10" ergs/g. and are changed by 25% at doses 
varying from 10! to 10" ergs/g. Plastics with inter- 
mediate radiation resistance include melamine-form- 
aldehyde, unfilled phenol-formaldehyde and urea- 
formaldehyde. These materials are unaffected by 10° 
to 10° ergs/g. and are damaged by 25% at doses over 
10° to 10” ergs/g. The poorest radiation stability is 
exhibited by the cellulosics, polyamides, Teflon and 
unfilled polyesters and silicones. Damage to these 
plastics occurs in the range of 10° to 10° ergs/g. and 
they are damaged by 25%, at doses ranging from 
3 x 10°to6 x 108 ergs/g. 


Who looks like whom? 


E received the following cryptic comment from 

a regular contributor recently. ‘I had always 
imagined you to be short, stout and nearly fifty. 
From a photograph in a recent issue of your journal 
I gather that you are tall, a little thin and not much 
worse than thirty.” This made us aware of the 
common tendency to visualise people with whom one 
corresponds but whom one has never met. Such 
visualisation is usually the result of some preconceived 
notions about the other person—not always justified. 

We also can vividly visualise some of our regular 
contributors whom we have never met. There is 
Dr. ABC of Redbrick University; he always delivers 
his article late, his mathematical equations do not 
balance, his typing is atrocious and his hand-written 
corrections illegible. We think that he looks like the 
proverbial professor—tall, unkempt hair, partially 
shaven with a cherubic smile on his unwrinkled face. 
Aged about 80, he keeps his juvenile complexion 
because he has none of an editor’s worries such as 
reading other people’s illegible handwriting and 
worrying about late articles, etc. 

Then there is Mr. XYZ, managing director of 
a well-known firm in London. His article arrives on 
time, is neatly typed and full of self-publicity. After 
seeing it in print, however, he writes a very nasty 
letter to the editor complaining that the text of his 
precious article has been tampered with and an 
acknowledgment to his company omitted, thus making 
his great opus completely worthless. He feels very 
strongly about this subject. We imagine (to ourselves, 
of course) that he is portly, middle-aged, bad- 
tempered on Monday mornings and none too popular 
with his secretary. On further reflection we would 
alter this description somewhat—he is probably like 
any other human being except that he has a tail, cloven 
hoofs, two horns barely sprouting from his noble 
forehead and a predilection for the warmer climes! 
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Hydrocarbon Synthesis 





By H. Kolbel,* or.pni., and H. Hammer,t pr.ing. 


During the last 30 years considerable work has been carried out on both 
the technical and economic aspects of Fischer-Tropsch synthesis of hydro- 


carbons. 


More recently a similar type of synthesis process, with 


considerable advantages over Fischer-Tropsch, was developed by Kolbel 


and Engelhardt. 


In this article the authors have surveyed recent work 


carried out on this process, such as its chemistry, thermodynamics, kinetics, 
operating conditions, process engineering and economic aspects. Actual 
hydrocarbon yields obtained from blast furnace gas are cited as evidence of 
the considerable scope for this synthesis when using low-heat-content gases. 


N 1948, H. Kélbel and F. Engel- 

hardt of Rheinpreussen A.G., Hom- 
berg Niederrhein, Western Germany, 
developed a catalytic reaction to pro- 
duce paraffinic and olefinic hydro- 
carbons as well as a wide spectrum of 
oxygenated organic compounds from 
carbon monoxide and water vapour on 
catalysts of group VIII of the Periodic 
Table! (For previous work see 
references 2, 3 and 4.) In 1951, they 
published their investigations on the 
chemistry, stoichiometry and thermo- 
dynamics of this synthesis and the 
experimental results with promoted 
iron catalysts in fixed-bed reactors.° 

During the following years, a slurry 
process technique using a gas-bubble 
column reactor with suspended cata- 
lyst was developed,*®: * and cobalt,® 
nickel® and ruthenium catalysts!® were 
tested. Recent work concerned the 
kinetics and reaction mechanism with 
iron, cobalt and nickel catalysts": !? 
and the distribution spectrum of oxy- 
genated compounds formed during the 
synthesis.!*> The economics of this 
reaction, especially with regard to its 
application for producing hydrocar- 
bons from blast furnace gas and steam 
or from other weak gases with low 
carbon monoxide content have been 
discussed in two papers.!4 


Stoichiometry 
_ The overall stoichiometric equation 
is: 
3CO + H,O = —CH,— + 2CO, 
at ere ee (1) 
AH = -58.4 Kcal./mol. 
(calculated for n-hexane at 227°C.) 


In this simplified expression, the 
—CH,— group symbolises a chain 
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Fig. |. Changes of free energy (Gibbs function) 
v. temperature: 





(1) Hydrocarbon synthesis equation | 
(2) Methanisation equation 2 
(3) Water gas shift reaction equation 3 
(4) Carbon deposition 

(Boudouard equilibrium) equation 4 
element of the various synthesis 


products mentioned above. 
Also, some side reactions may occur, 
depending on operating conditions: 


(a) Methanisation 
4CO + 2H,O = CH, + 3CO,. .(2) 
AH = -79.8 Keal./mol. 


(6) Water-gas shift reaction 
CO + H,O = CO, + H, .... (3) 
AH = -9.5 Keal./mol. 
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(c) Carbon deposition (Boudouard - 
equilibrium) 

2CO = CO, + C 

AH = -32.0 Kcal./mol. 


This reaction may be followed by 
formation of carbides. More detailed 
equations which are necessary for 
thermodynamic calculations are given 
below: 


Paraffins: 
(3n + 1)CO + (n + 1)H,O 
CnrHyn + 2 + (2m + 1)CO, (5) 


Olefins: 
3nCO + nH,O 
— CrHon + 2nCO, eeeeevee (6) 


Alcohols: 
3nCO + (n + 1)H,O 
= CnrHon +1 OH + 2nCO, (7) 


Similar equations may be derived for 
other oxygenated compounds. 


Thermodynamics 

In Fig. 1 the change of free energy 
(Gibbs function) has been plotted 
against temperature for the synthesis 
and side reactions. From this diagram 
we may conclude that the operating 
temperature should be below 350°C., 
because in this range the thermo- 
dynamic potential of the side reactions, 
equations (3) and (4), is smaller 
than that of the main reaction, 
equation (1). The change of free 
energy for the methanisation, equation 
(2), is always higher than that of the 
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Fig. 2. Kinetics of the hydrocarbon synthesis 

from CO and H,0 with iron catalyst at 7 atm. 

and 260°C. composition of dry gas v. catalyst 
bed length. Dotted line: Water vapour 


synthesis of higher hydrocarbons; 
therefore, selectivity is only to be 
achieved by a suitable catalyst. 

The application of higher pressures 
and low operating temperatures favours 
the formation of higher hydrocarbons 
and of oxygenated products. 


Kinetics and reaction mechanism 

The kinetics of the synthesis, 
equation (1), have been investigated 
in a fixed-bed piston flow tube type 
reactor.". 12 Five valves, positioned 
along the reaction tube, take gas 
samples in order to measure the 
stationary partial pressures as a func- 
tion of catalyst bed length and average 
contact time. In Fig. 2, gas com- 
position has been plotted versus bed 
length for an iron catalyst. The corres- 
ponding quantities of water vapour are 
plotted as a dotted line. In the middle 
of the catalyst bed an intermediate 
stationary maximum of the hydrogen 
curve was found; this is typical for 
the kinetics of a consecutive reaction. 
Fig. 3 shows the corresponding curves 
obtained with a cobalt catalyst. The 
maximum hydrogen concentration is 


Table I. 


much smaller compared with the dia- 
gram for the iron catalyst. With 
nickel catalysts a lower hydrogen 
maximum concentration is obtained 
than with cobalt. With iron catalysts 
about 65°% of hydrogen atoms intro- 
duced into the reactor in the form of 
water vapour appear as gaseous hydro- 
gen at the maximum point of the 
hydrogen curve. With cobalt the 
corresponding value is about 25%, 
with nickel only about 15%. 

From kinetic data it can therefore 
be concluded that, at the walls of the 
pore system in catalyst pellets, hydro- 
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Fig. 3. As in Fig. 2, but cobalt catalyst at 
21 atm. and 243°C. 
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gen is generated by a reaction between 
chemisorbed molecules according to 
equation (3). As soon as this hydrogen 
is present at the surface, it begins to be 
consumed (in proportion to its genera- 
tion) according to the overall equation: 
CO + 2H, = —CH,— + H,0 (8) 
AH = -39.4 Kcal./mol. 


The water formed in _ reaction 
equation (8) once more participates in 
the hydrogen generating reaction 
equation (3). Therefore, kinetics ire 
of the closed-cycle type. Adding 
equation (3) twice and equation (8) 
once, we get the overall equation (1). 
A semi-empirical rate equation, based 
on the consumption of carbon mon- 
oxide as the key component, has been 
proposed by the authors as follows: 


ie 
d(V/F) 
a b :s c d 
=P Pis.0 Poo Puy’ 9) 
where 

x = Conversion of CO: 0< x 
<1 

V = Volume of catalyst bed: 
[cu.m.] 

F = Rate of CO feed: [cu.m. 
S.T.P./hr.] 

pi = Partial pressure: [atm.] 

kh, = Rate constant for H, gene- 
ration 

ky - Rate constant for H, con- 
sumption 

a,b,c,d Exponents: 0 < a, b,c 
=: O@< ¢< 2 

















Fig. 4. Partial pressures v. contact time: (a) Fischer-Tropsch synthesis with cobalt catalyst; 
(b) Kolbel-Engelhardt synthesis with cobalt catalyst 


Kinetic data related to the rate equation (9) of the 


Kéibel-Engelhardt synthesis 


























| Activation 

Cata- | Temp.,| Pressure, k k a b c d energy A 

lyst Cc. am. 4 | Keal./mol. 
Fe 232 20 13.0 3.0 0.5 0.2 0.2 1.5 25.4 
Co 228 10 0.9 1.7 1.0 0.3 0.3 1.0 32.4 
Ni 194 5 4.5 | 11.2 0.0 0.6 0.0 0.6 40.0 























Dimension of k, and k,: [cu.m. S.T.P. CO converted per hr. and cu.m. of catalyst x 


(sum of exponents) ~] 
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The rate constants include catalyst 
activity and Freundlich’s adsorption 
coefficients. The exponents consist in 
order of surface reaction and Freund- 
lich’s adsorption exponent. Table | 
gives values related to rate equation (9). 
A is the overall apparent activation 
energy. 

The elementary steps of the reaction 
mechanism are not yet fully under- 
stood. For hydrogen generation, at 
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Table 2. Reaction mechanism of the Fischer-Tropsch synthesis as 
proposed by H. H. Storch, N. Golumbic and R. B. Anderson, U.S. 
Bureau of Mines 





Initiation by formation of chemisorption surface complexes: 
(M = metal of the catalyst) 














oO H OH 
Ae, 
C + 2H = ‘Cc 
i 
M M 
Chain growth 
H OH H OH H OH CH, OH 
. a api SO 
Cc + Cc —— — —> 
M M MM V 
R OH R OH R OH R—CH, OH 
. Wz < , Ki 4 
i : -H,O / + 2H Se 
ws Doo 
M M MM 
or, leading to branched hydrocarbons: 
R OH R OH 
+ B = ot 
Cc ——- i which reacts with the primary complex: 
M M 
R OH R OH 
CH; 
- H,O 
CH + ——-» R—C—OH or, to give unbranched 
+ 2H | hydrocarbons: 
M M M 
R OH R OH R—CH, OH 
- H,O 
CH + ——- 
| +H 
M M M 
The branched isomer may further react with the primary complex: 
R OH 
CH; , ‘ CH; 
\ ye 
R—C—OH + Cc —-— R—CH—C—OH 
+ H | 
M M M 
Termination 
| R—CH, OH 
| 
Cc —- RCH,CHO + M ——-— Acids, alcohols, esters 
M 
R—CH, OH 
Cc RCH,CH,OH + M -——-> Hydrocarbons 
M 
R—CH, OH H OH 
> + 2H 
Cc —- Cc + R’=CH, ——~> R—CH; + M 
M M 
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least three different mechanisms have 
been discussed in the literature: 

(a) Oxidation and reduction of the 
metal: 

Me + H,O = MeO + H, .. (10) 

MeO + CO = Me + CO, .. (11) 

(6) Chemisorbed transition com- 
plexes: 

CO + H,O - [CO. H,O] 

—> CO, + Hy ....ccsccees (12) 


which perhaps may be of the type of 
chemisorbed formic acid: 


[CO . H,O] —> [HCOOH].... (13) 


(c) Carbonyl-type intermediates with 
the restriction that the metal nucleus 
still is fixed in the lattice (‘ pre- 
carbonyls’) because the reaction surely 
is a heterogeneous one: 


Fe + 5CO = Fe(CO), ...... (14) 
Fe(CO), + H,O 


= Fe(CO),H, + CO, .... (15) 
Fe(CO),H, + CO 
== Fe(OO), + BH, nn ccccce (16) 


With reference to the reaction 
mechanism of the hydrogen consump- 
tion equation (8), it can be assumed 
that the mechanism of Fischer-Tropsch 
synthesis with cobalt catalyst, as pro- 
posed by H. H. Storch and N. 
Golumbic, and R. B. Anderson, U.S. 
Bureau of Mines,15:'* should principally 
be applicable to synthesis with carbon 
monoxide and water vapour. The 
mechanism of H. H. Storch and 
associates consists of an alternating 
series of hydrogenation and condensa- 
tion steps with oxygenated inter- 
mediates, as shown in Table 2. The 
product distribution spectrum will 
therefore strongly depend on the 
hydrogen partial pressure. However, 
compared with the Fischer-Tropsch 
synthesis, the hydrogen partial pres- 
sure in the Kélbel-Engelhardt syn- 
thesis is very much smaller, as shown 
in Fig. 4. Consequently, all hydro- 
genation steps in H. H. Storch’s 
mechanism will be suppressed. In- 
deed, we found a product distribution 
spectrum with a higher content of 
olefinic and oxygenated products,” 
compared with a Fischer-Tropsch 
product obtained under similar operat- 
ing conditions; the technically un- 
desired formation of methane could 
be reduced or suppressed.*® 

Hydrocarbons of the type CpHon + » 
and C,H,» are formed with carbon 
numbers up to about 500, depending 
on the type of catalyst used, pressure 
and temperature with a maximum 
olefin content of about 80°, with iron 
catalysts. In the group of oxygenated 
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products we found n-alcohols C, to 
C,, n-aldehydes C, to C,, acetone, di- 
ethyl-ketone and n-carbonic acids C, 
to C,, C,, C,, and C,,. The surprising 
variety of products is due to the 
kinetics discussed above. 


Catalysts 


The iron catalyst was prepared by 
precipitation from nitrate solutions by 
ammonia; it contains copper and 
sodium carbonate and, when kiesel- 
guhr is used as carrier, the catalyst 
contained MgO as well. With iron 
catalysts the operating temperature is 
between 220° to 280°C.; pressures 
up to 100 atm. can be applied, prefer- 
ably about 15 to 20 atm., depending 
on the inert content of the feed gases. 
Thus a conversion higher than 90%, 
can be easily obtained. The feed 
ratio should be about 3CO : 1.15H,O, 
because a high surplus of carbon 
monoxide favours carbon deposition, 
thus blocking the active surface and, 
with a large excess of steam, a slow 
oxidation of the metal deactivates the 
catalyst. 

The cobalt catalyst is more resistant 
to oxidation; therefore the H,O : CO 
feed gas ratio may be raised up to 2 : 3 
to favour a high CO conversion. We 
tested a precipitated Co-ThO,-MgO- 
kieselguhr catalyst at normal and 
elevated pressure up to about 20 atm. 
The operating temperature was in the 
range between about 200° and 240°C. 
In the medium-pressure range the 
methane formation was suppressed, in 
spite of the higher operating tempera- 
ture compared with the Fischer- 
Tropsch synthesis. 

A nickel catalyst has been prepared 
according to F. Fischer and K. Meyer!” 
by precipitation from nitrate solutions 
with potassium carbonate. The cata- 
lyst has been promoted with Mn and 
Al. Synthesis tests have been carried 
out at temperatures between 190° and 
220°C. The operating pressure should 
not exceed 5 atm. because of incipient 
carbonyl formation which destroys the 
catalyst. With nickel the H,O :CO 
feed gas ratio may be raised up to | : 1 
without danger of deactivation by 
oxidation. 

Ruthenium catalysts are active at 
temperatures above 150°C., but they 
require the application of high pres- 
sures, preferably more than 100 atm. 
The synthesis of extremely high melt- 
ing waxes with ruthenium is discussed 
below in detail. 


Gas bubble column reactor 


The Kolbel-Engelhardt synthesis 
has been tested both in a fixed-bed 
reactor and in a liquid-phase reactor 
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with suspended catalyst (slurry). Cata- 
lysts for fluidised beds and moving 
beds have not yet been developed. 
The best results have been obtained 
in a gas-bubble column reactor as 
shown in Fig. 5. The feed gas enters 
at the bottom and is dispersed by a 
distribution system. The gas bubbles 
pass through a suspension of finely 
divided catalyst particles suspended in 
a liquid medium, which may be either 
an inert liquid, a feed component or 
a reaction product—in this case higher- 
boiling synthetic hydrocarbons. 

It is well known that, for highly 
exothermic reactions whose selectivity 
strongly depends on temperature, the 
main problem of reactor design is to 
remove the heat of reaction quickly 
in order to avoid any temperature pro- 
files. Many efforts have been made 
during the last decades to solve this 
problem for the fixed-bed reactor, 
which is the classical reactor type for 
heterogeneous catalysis. | However, 
with regard to such requirements, a 
liquid-phase reactor with suspended 
catalyst possesses significant advan- 
tages, i.e., its construction is very 
simple; the heat-transfer coefficients 
have very high values, up to 6,500 
Kcal./sq.m.hr.°C.,!*: 1% 2° and there- 


fore a very much smaller transfer area is 
required when compared with the 
fixed-bed reactor. Serious axial and 
radial temperature gradients do not 
exist because of the high backmixing 
effect in the gas-bubble column and 
the high heat capacity of the slurry. 
A cooling tube system is suspended in 
the liquid phase—in contrast to the 
oil circulation process which has a 
separate cooler outside the reactor. 
Difficulties in circulating and pumping 
the suspension during operation may 
thus be successfully avoided. 

The area for gas-liquid mass transfer 
—about 1,500 sq.m./cu.m. gas with 
an average bubble diameter of 4 mm. 
—is large enough to provide a suf- 
ficiently high rate of mass transfer. 
The linear velocity calculated for the 
empty tube should be between 1 and 
30 cm./sec., and the particle size of 
the catalyst can be in the range of 
1 to 100 microns. 

A series of fundamental studies on 
the behaviour of gas bubble columns 
has been contributed by H. Kélbel, 
W. Siemes, E. Borchers and asso- 
ciates’: 18.19, 20 concerning the mech- 
anism of bubble formation, raising 
velocity and bubble size distribution 
spectra; contact time spectra, mass 
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transfer and backmixing effect are 
under investigation. Some problems 
associated with the design of a bubble 
column reactor have been briefly 
discussed by the authors.’ 

In the synthesis from carbon mon- 
oxide and water vapour in a liquid- 
phase reactor, the backmixing in the 
gas bubble column levels up the inter- 
mediate hydrogen maximum as found 
in fixed-bed reactors. Therefore, in 
the slurry reactor, the catalyst is 
charged more equally; by these means 
the catalyst life time becomes longer 
and the formation of methane is 
suppressed. 


High-melting waxes 

The recent development of the 
Kélbel-Engelhardt reaction led to 
a synthesis of high-melting poly- 
methylenes and a very simple process 
technique with ruthenium catalysts.'° 
The stability of ruthenium to oxidation 
was sufficient to disperse it directly in 
water as the liquid medium of the 
bubble column reactor. In this case, 
the liquid has four functions: 

(a) As feed component, equation (1). 

(6) As suspension carrier. 

(c) As direct heat-transfer medium 
with ideal conditions, especially 
in the region of turbulence. 

(d) As direct cooling medium by 
vaporisation; therefore, a cool- 
ing tube system is not needed. 

Table 3 gives operating data for 

this synthesis, and Table 4 shows an 
analysis of paraffin waxes obtained 
with melting points up to 130°C., 
corresponding to carbon numbers of 
nearly 500. 


Petrochemicals 


For many years the most rational 
way of utilising blast furnace gas has 
been a serious problem. The enor- 
mous quantities of blast furnace gas 
which are produced in the world every 
day underline the importance of this 
question. From the point of view of 
a chemist, blast furnace gas is not 
only a fuel but also a synthetic gas of 
high chemical potential because of its 
carbon monoxide content. Every blast 
furnace should be considered as a 
generator of carbon monoxide, a basic 
chemical of high reactivity containing 
two-thirds of the energy introduced 
into the blast furnace with the coke. 
A drawback to the chemical utilisation 
of blast furnace gas was its high 
nitrogen content. 

By means of the Kélbel-Engelhardt 
synthesis, basic petrochemicals can 
now be synthesised from gases with 
low carbon monoxide content, despite 
the high concentrations of inert gases. 


Table 3. Operating data of the hydrocarbon synthesis with CO and 
ruthenium catalyst suspended in water (semi-batch test) 





Feed gas composition a pa 98.2% CO 
| 18% N, 

Temperature | 5s, 

Pressure . | 100 atm. 





Average reaction gas velocity in a 48-hr. 
semi-batch elegans 


| 370 volume (S.T.P.) CO/hr. and volume 


of dry catalyst 











CO conversion .. ; et oie ke Ae 
Yield of ee 
ee #3 e .. | 146.6 g./cu.m. (S.T.P.) CO 
Cc, + C, og ne one .. | 44g./cu.m. (S.T.P.) CO 
cs ss =2 ee eas .. | 142.2 g./cu.m. (S.T.P.) CO 
Eee Dn 3 (PE einer Sn dite Sa = 
55.8°,, CO, 
38.1% CO 
Exit gas composition 0.7% Hz 
3.2% Nz 
2.2%, hydrocarbons 








Table 4. Analysis of a synthetic paraffin from hydrocarbon synthesis 
with CO and ruthenium suspended in water 








" : | Melting Average Average 
Extraction | Temper ature, | Extracted | temperature, molecular carbon 

reagent Cc. amount | C. weight number 
Benzene 20 14.8 38 to 50 500 30 to 40 
n-Hexane 68 22.8 68 to 80 650 40 to 50 
Benzene 80 30.7 821097 | 700 to 900 51 to 65 
n-Heptane | 98 6.3 109 to 115 | 1,100 to 1,500 | 80to 107 
Toluene 110 21.5 119 to 124 | 2,100 to 3,000 | 117 to 215 
Xylene | 140 3.9 | 128 to 130 | 4,900 to 7,000 | 350 to 490 








Table 5. Operating data of the synthesis of hydrocarbons from blast- 
furnace gas and water vapour in a liquid-phase reactor (gas bubble 
column with suspended iron catalyst) 





Specific blast furnace gas rate 





_ Specific co gas rate 


Catalyst quantity, iron 


co: H, 0 ratio in 1 the feed wan ae | 3: 

co conversion at a 93°, 
cs 

Yield of hydrocarbons . |G+cC 


Total yield during catalyst 1 life ee 





Space time yield wa Ny C3+ 


7.0% CO, 
Average composition of blast 34.0°,, CO’ 
furnace gas vie on 2.0°, H, 
57.0° N 
Synthesis pressure mee .- | 15 to 20 atm. 
Synthesis temperature 240 to 280°C. 


5.2 cum. (S.T.P.) per hr. and kg. Fe 


1.8 cu.m. (S.T.P.) per hr. and kg. Fe 
42. 7 ke/ cu.m. of bubble column Gacheding. 


182 g./cu.m. (S. 


405 be. kg. Fe 


| 272 kg./cu.m. reaction space and 24 ‘ei 








gas) 


1.15 


T.P.). CO 
22 g./cu.m. (S.T.P.) CO 
160 g. cu.m. (S.T.P.) CO 








This synthesis has been tested with 
blast furnace gas in a gas-bubble 
column reactor. Table 5 shows 
operating data and yields obtained 
with a suspended alkalised iron cata- 
lyst. A flow sheet is given in Fig. 6. 
Blast furnace gas, after purification 
from dust, is compressed and, together 
with steam, fed into the bottom of the 
reactor. The catalyst is suspended in 
synthetic hydrocarbons. The gaseous 
products leave the reaction vessel at 
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its top and, after passing a heat 
exchanger and condensation system, 
they are separated by rectification. 
The change of spent catalyst and 
the separation of higher-boiling pro- 
ducts from the liquid in the reactor 
may easily be achieved (the required 
equipment is not shown in Fig. 6). 
Fig. 7 represents possibilities for 
the utilisation of the synthesis pro- 
ducts. The columns on the left hand 
show the main fractions of primary 
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Fig. 7. Consumption products from synthetic hydrocarbons 
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Co-operation of smelting works-coke ovens-chemical syntheses (hydrocarbons and 


ammonia) data based on 2,250 tons/day of pig iron 





Fig. 6. Flow sheet of the hydrocarbon synthesis 
from blast-furnace gas and steam: 


(a) Synthesis 

Gas compression 

Steam inlet 

Heat exchanger 

Synthesis reactor 

Cooling water 

Medium pressure steam from cooling 
tube system 


ouhwn=— 


(b) Product Separation 
7 Condenser 
8 Separator 
9 Distillation 
10 CO,-scrubber and charcoal adsorption 
11 Oxygenated products 
12 Hydrocarbon fractions 
13 Carbon dioxide 
14 Nitrogen for ammonia synthesis 


products; the columns in the middl: 
of the diagram show chemicals that 
can be obtained from stock fractions 
by rectification and subsequent chemi- 
cal treatment. Marketable consump- 
tion products from synthetic hydro- 
carbons are shown in the right-hand 
column. 

At a carbon monoxide conversion 
of 90%, about 180 g. of hydrocarbons 
are formed per cubic metre of CO, 
including 160 g. with more than 
3 carbon atoms/mol. This means that, 
at a blast furnace gas composition as 
given in Table 5, one ton of hydro- 
carbons per 38 tons of pig iron can be 
produced. 

The product is similar to that of the 
Fischer-Tropsch synthesis with iron 
catalysts. A typical feature is the 
flexibility, depending on operating 
conditions, by which higher- or 
lower-boiling hydrocarbons can be 
produced. The amount of unsaturated 
compounds can also be varied accord- 
ing to the requirements of the market. 
Table 6 gives such an example. 

In spite of the importance of natural 
oil fractions for petroleum chemistry, 
synthetic hydrocarbons remain impor- 
tant as feed stock for many purposes 
because of their uniform unbranched 
structure and their absolute purity, 
especially with regard to sulphur. 


Economics 
It is well known that catalysts for 
hydrocarbon syntheses are easily 


poisoned by sulphur, thus in the 
classical hydrocarbon synthesis on a 
basis of coal, about 80°{ of the cost 
for the primary products are due to 
gas generation and purification. How- 
ever, in the synthesis of hydrocarbons 
from blast furnace gas and steam, a 
cheap gas is used which is practically 
free from sulphur and which—after 
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mechanical separation of dust—may be 
directly introduced into the synthesis. 
This factor bears a remarkable influence 
on the cost of synthetic hydrocarbons. 
Depending on local market conditions, 
chemical treatment of blast furnace 
gas may be more profitable than its 
utilisation as fuel. 

In Fig. 8 the capacity of a synthesis 
plant is plotted against production of 
pig iron. A parameter is the percentage 
of blast furnace gas used for hydro- 
carbon synthesis. Within the dotted 
lines a synthesis plant should be profit- 
able with a pay-out time of approxi- 
mately four to five years. For more 
detailed calculations, the original paper 
should be referred to. Fig. 9 shows 
the hydrocarbon synthesis as a new 
member in the interconnected chain 
of technical and economic compounds 
between blast furnace, coke oven, low- 
temperature coke oven gas separation, 
ammonia synthesis and hydrocarbon 
synthesis, which are independent of 
special market conditions. The dia- 
gram is based on a daily output of 
2,250 tons of pig iron, corresponding 
to the same quantity of coke which is 
obtained from coke ovens having a 
total output of 5,000 tons/day. For 
heating the coke ovens, 25°, of the 
blast furnace gas is required, and 45°, 
is consumed in the blast furnace 
operation, including 5°, losses. 

The remaining 30°, is utilised in 
the Kolbel-Engelhardt synthesis to 
produce about 140 tons/day of hydro- 
carbons. Approximately 15°, of the 
tail gases from the synthesis are freed 
from carbon dioxide in a scrubber; 
the resulting gas contains about 90°, 
nitrogen and is fed to the ammonia 
synthesis plant having a capacity of 
340 tons/day. The requisite amount 
of hydrogen is supplied by a low- 
temperature coke oven gas separation 
plant which also supplies gas with 
a high heat content for the Siemens- 
Martin steel plant. 

This example does not preclude all 
possibilities for the co-operation of 
steel, coal and chemistry. Similar 
combinations seem to be possible for 
the utilisation of other CO-containing 
waste gases generated in the carbide 
and phosphorus industries, in the 
thermoelectric reduction of iron and 
im some electrolytic processes. 
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Fig. 8. Synthesis capacity as a function of iron production at various percentages of blast-furnace 
gas utilised for hydrocarbon synthesis 


Table 6. Flexibility of the liquid-phase synthesis with blast furnace 
gas: Product distribution spectra with two types of iron catalyst 


(a) preferably gasoline 


(b) preferably paraffin waxes 























Temperature Yield (g./N cu.m. CO) 
Fraction C number range of 
boiling, °C. Catalyst (a) | Catalyst (6) 
Methane, ethane Cc, + G — 15 15 
Ethylene C, — 6 4 
Gasol C,; + C, a 52 28 
Gasoline C, to Cy Below 190 75 33 
Kogasin I C,, to C,, 190 to 260 14 6 
Kogasin II .. C,; to Cy, 260 to 320 7 18 
Paraffins ‘ C,, to C,, 320 to 450 3 28 
Waxes >C2, >450 2 54 
Total 174 186 
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FOR gLtlla SCALE-UP 


All CALMIC Pilot Plant is designed and tested to give TRUE 


scale-up to full Production Models. 


PILOT FILTERS 


3 sq. ft. filtration area giving TRUE scale-up to the well-known CALMIC 
HIGH DUTY PRESSURE FILTER production models. Pilot filters are 
available for test on customer’s own premises together with full 
technical supervision. Production size filters are available from 


45 — 45 sq. fe. 










C—51 PILOT VACUUM DRYER. With 33 sq. ft. 
tray area. All electrically heated. Available for test 
on customer’s materials at our Laboratories in 
Crewe or in Canada. Full scale production units 
from 36—108 sq. ft. 


C—3 PILOT VACUUM DRYER. Approximately 
0°6 sq. ft. tray area. Electrically heated. Available 
for test on customer’s materials at our Laboratories 
at Crewe. Production models available from 
43 — 215 sq. ft. tray area. 





ILOT PLANT | 





(ri) ENGINEERING CO. LTD. 


CREWE, CHESHIRE Tel: CREWE 3251 (7 lines) 
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Scale-up for 
Drying and 


Filtration Plant 


To convert a pilot plant into a full-scale plant 
accurate scale-up is important. 
extent such scale-up depends on the characteristics 
of the process and 1s only successfully accomplished 


by co-operation between the process and plant 


engineer. 


carried out for two unit operations, filtration and 
drying, by a company that specialises in the 


construction of such plant for various processes. 


HE origin of small-scale and 

pilot-plant work goes back to the 
first world war. The American 
chemical industry at that time realised 
that much money could be saved by 
trying out a process on a small scale 
initially and then scaling this up. Leo 
Baekeland propounded the philosophy 
“Commit your blunders on a small 
scale and make your profits on a large 
scale °"—the raison d’étre of the pilot 
plant in a nutshell. The pilot plant, 
since its early days, has become a 
valuable link in the chain connecting 
the laboratory with the full-scale plant. 
Naturally the value of such a pilot 
plant varies significantly according to 
the particular industry. In some cases 
one pilot plant will only provide suf- 
ficient information for a single unit; 
in other cases, as in the petroleum 
industry, a very large number of units 
can stem from results obtained in a 
single pilot plant. 

Clearly, therefore, scale-up is an 
important function which translates 
the results obtained in the pilot plant 
for application in the full-scale plant. 
How such scale-up is attained depends, 
not only on the type of unit involved, 
but also on the process that is carried 
out. 

Often basic chemical engineering 
unit operations such as drying, filtra- 
tion, evaporation, distillation or cry- 
Stallisation form an important part of 
a process. It is considered more 


This article describes how scale-up 1s 


To a large 


economical in such cases to erect a 
pilot plant for these unit operations 
rather than for the whole process, 
since there may be too many extra- 
neous factors not amenable to scale-up 
in a complex process. If unit opera- 
tions are then tested in the pilot-plant 
stage the remainder of the process 
could be scaled-up accordingly. 
Several engineering firms specialise 
in the scaling-up of unit operations. 
They supply pilot plant with which 
they can test the customer’s process 
and from the results obtained scale-up 
the operation to full size. Such scale- 
up is carried out with remarkable 
accuracy so that the estimated results 
from the pilot plant are generally in 
very close agreement with those later 
obtained from the full-scale plant. 


Filtration 


Filters can be grouped according to: 

(1) The force under which the liquid 
passes through the system, i.e. 
gravity, centrifugal, pressure and 
vacuum filters. 

(2) The type of filter medium used, 
i.e. filters with loose filter medium 
such as gravel, sand, clay, saw- 
dust or filters with woven or 
felted media, or filters using 
filter paper. 

(3) Type of plant, such as settling 
plant, decanting vessels, batch 
and continuous filters, filter 
presses, hydraulic presses, 
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Fig. 1. Single-compartment pilot-scale dryer 


vacuum filters, drum rotary, disc 
frame pulp and leaf filters, bag 
filters, centrifuges, streamline 
filters, etc. 

The difficulty in stepping up pilot- 
plant filtration results to simulate the 
eventual filter outputs has been met 
by Calmic Engineering Co. Ltd. They 
have a 3-sq.ft. model of the high- 
duty pressure filter. This filter is in 
the form of an element consisting 
of a number of filter plates covered 
with filter paper and stacked vertically. 
The flow of liquid into the element is 
in the vertical direction and thence out 
at the periphery of the horizontal plates. 

Owing to this, only filtered liquid 
comes into contact with the filter 
vessel, which is therefore easily cleaned 
and can be used almost continuously 
by simply changing the element. All 
pressure during filtration is confined to 
the filter element—the filter vessel is not 
under the main filtration pressure. As 
a result of this design, the filters empty 
completely without the use of scaven- 
ger plates. 

The problem of scaling-up such 
filtration plant falls into two main 
categories. Firstly, there are the very 
large concerns who possess fair-sized 
research and development depart- 
ments, including pilot plant, and who 
have their requirements fairly accu- 
rately estimated as far as their enquiries 
for filters are concerned. Secondly, 
there are other concerns who possess 
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no development equipment (they can 
be quite large sometimes). Of neces- 
sity this latter group relies on manu- 
facturers to give the correct answer to 
their enquiry. 

Calmic Engineering Co. Ltd. 
approaches this problem in two ways 
—namely to take the pilot filter out on 
to the customer’s site and operate the 
unit with their technical representative 
in attendance. In this manner the 
filter has not only become a demon- 
tration unit to give the prospective 
customer an idea of its capabilities, 
characteristics, etc., but also to estimate 
as accurately as possible, probable 
throughputs for the larger models. 
(One example was the case of a well- 
known firm manufacturing household 
disinfectant.) The pilot-scale results 
are in Table 1. 


Table | 


Temperature of solution: ambient 

Papers: normal 

Filter aid: precoat and batch approxi- 
mately 30 microns particle size 

Circulation period: approximately 5 min. 

Flow rates: start, 20 gal./sq.ft.hr.; after 
24 hr., 15 gal./sq.ft.hr. 

Pressures: start, nil; finish, 26 p.s.i. 


In practice the flow rates obtained 
on a 30-sq.ft. production filter pro- 
duced throughputs of approximately 
25 gal./sq.ft.hr. as an overall figure 
giving 750 gal./hr. total, which was 
more than the figure originally re- 
quired by the client. In another 
instance, on a cellulose filtration, the 
pilot-scale filter gave approximately 
100 gal./sq.ft.hr. and the production 





unit of 14 sq. ft. gave 100 to 110 
gal./sq.ft.hr. 

The main difficulty appears to be 
not so much in obtaining scaled flow 
rates, but scaling-up the filtration 
cycle to be expected. Obviously much 
of the problem concerns the types 
of pump units used and therefore to 
obviate some of the snags the company 
fit smaller models of the standard 
pumps, together with the use or non- 
use of filter aids for the more colloidal 
types of liquid. 

In practice it has been found that 
the company’s demonstrator must err 
on the cautious side and thus obtain 
maximum clarity together with a 
reasonable throughput to satisfy the 
prospective customer. Consequently, 
variation in throughput figures is 
bound to occur and more especially 
when the customer, on receipt of his 
full-sized filter, varies the grade of 
filtering media either to obtain a higher 
throughput or on the grounds of cost 
of any particular filter media. 

A filter company’s demonstrator 
should naturally be able to scale-up 
pilot results more reliably than, per- 
haps, the operator of such a plant in one 
specific concern, for he usually has a 
broader experience of problems en- 
countered in similar industries and 
uses his knowledge in the event of 
peculiarities occurring during a test. 
Moreover, he may sometimes be faced 
with the problem of having to evaluate 
results on, perhaps, a single test or 
a small sample and, in addition, may 
often have to quote for a larger filter 





Fig. 2. Six-compartment vacuum dryer 
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upon his first impressions of the liquid 
encountered. 


Drying 

When considering a drying problem 
many factors have to be taken into 
account to decide which type of dryer 
is most suitable. Having decided that 
the drying process is to be batchwise 
rather than continuous, the field is 
considerably narrowed and the choice 
usually lies between the ordinary 
atmospheric tray dryer or some form 
of vacuum dryer. With known 
materials the problem is straig it- 
forward, as past experience is of con- 
siderable help, but even in these ca.es 
careful investigation may lead to an 
improved design of dryer giving a 
greater thermal efficiency and better 
end products. 

With the atmospheric tray dryer it 
is extremely difficult to convert results 
obtained from pilot-scale work on to 
a production basis, due largely to the 
fact that, if the experiments carried 
out are to prove anything, considerable 
quantities of material are required for 
testing and such quantities are seldom 
forthcoming. 

In the case of vacuum drying, how- 
ever, the problem of pilot-scale work 
has been greatly eased by the intro- 
duction on the market a few years ago 
of the Calmic C-51 and C-3 vacuum 
dryers which by careful design elimi- 
nated many of the old difficulties 
inherent with the use of such dryers. 
First and foremost the dryers were 
sectionalised, meaning that they were 
split up into a number of independent 
compartments, each being part of 
the dryer as a whole, which could be 
used separately from the others. This 
means that for pilot-scale work all 
that was required was, in effect, to 
reproduce one compartment of the 
production unit and reproduce exactly 
the same means of applying the heat. 
Each tray has its own individual com- 
partment normally giving 30 mm. Hg 
absolute or 29 in. Hg within 5 min. 
of closing the door. With particular 
reference to the C-51 dryer, using 
sub-atmospheric steam-jacketed trays, 
a high thermal conductivity is obtained 
due to direct contact. This is par- 
ticularly suitable for high-moisture- 
content materials in cake or slurry form 
such as ceramics and various vegetable 
and meat extracts, etc. (see Fig. 2). 

Vacuum dryers are expensive from 
a first-cost point of view and are often 
called upon to dry costly material and 
thus it is essential to ensure that not 
only is the production unit the right 
size for the job in hand but, most 

(Concluded on page 116) 
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Scale-up of Dust-removal Plant 





By C. A. Bainbridge* 


A large demand for dust-removal plant has been created by the introduction of the 


Clean Air Act. 


The necessity for testing such plant on the pilot scale is due to the 


high cost of the plant and the special design required in each case. How scale-up of 
such plant is carried out in practice is demonstrated in a case history of a problem 
concerning the removal of carbon black from fully saturated gas. 


HE use of industrial-scale pilot 
ae, as opposed to laboratory- 
scale plant, to obtain experience and 
information relating to particular prob- 
lems, so that a full-scale installation may 
be designed and manufactured with 
confidence, is an established technique 
in the chemical engineering fields. 

The technique is most useful in the 
field of gas cleaning, particularly in 
connection with the solution of those 
new problems of air pollution control 
resulting from the introduction of the 
Clean Air Act. This Act has presented 
the makers of air- and gas-cleaning 
plant with a demand for equipment 
to deal satisfactorily with these new 
problems. As a result, new and 
improved types of plant have and are 
being developed, 

Unfortunately the processes which 
produce dusts and fumes cannot be 
easily reproduced by the makers of 
recovery plant, and they can only test 
out plant with the co-operation of the 
prospective user. The plant manu- 
facturer is not usually prepared to 
risk a large amount of capital on a full- 
scale plant straight from the design 
office, and conversely the prospective 
user is not likely to be willing to buy 
a large plant without complete proof 
that it will be entirely satisfactory. 

It is particularly in those cases 
where a problem has never been pre- 
viously dealt with that this impasse 
between the plant maker and user can 
be resolved with the help of the pilot 
plant. 

However, when the plant maker 
has shown by a successful pilot-plant 
test that his particular design can 
deal with the problem, and the pros- 
pective user has demonstrated his 
Satisfaction by ordering the full-scale 
plant, the designer has then to develop 
the design from the data obtained 
during the pilot tests. 

_How this may be done in a par- 
ticular case is shown by the following 
case history of problems concerning 
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the removal of carbon black from a 
fully saturated gas of a density equal 
to 0.33 related to air. 

The available data were as follows: 
Gas density: 0.33 
Gas temperature: 70° to 80°F. 

Gas condition: fully saturated 

Carbon content: approximately 0.5 gr. 
cu.ft. 

Gas volume: approximately 3,000 cu.ft. 
min. 

Gas pressure. 10 in. w.g. positive. 

It was also known that the gas con- 
tained small amounts of sulphur and 
hydrocarbons and the liquid phase 
included—in addition to water—sul- 
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phuric, sulphurous and carbonic acids. 
The maximum particle size was given 
as 0.25 micron. 

A pilot gas-washing plant of the 
multiple venturi type, having a nominal 
capacity of 500 cu.ft./min. was con- 
nected into the gas line on the client’s 
plant and a series of tests, extending 
over many hours carried out with the 
gas flow rates, water pressures and 
flow rates varied over a wide range to 
determine which values would give 
the best results. 





* Frederick Fukes Ltd. 
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Table | 
Water rate | Throat velocity, | Pressure drop, | Efficiency, 
gal./1,000 c.f.m. ft./min. in. wW.g. % 
Pilot plant ee 16 20,300 11 88 
Design figures .. 20 19,600 15 88 
Final results oa 20 20,000 16 92 














The graph in Fig. 1 shows the 
relationships between _—s recovery 
efficiency and water rate, and efficiency 
and gas volume for a fixed venturi size. 
It will be seen that the efficiency 
curves are asymptotic to both variables. 
From these data it was decided that the 
maximum efficiency obtainable with 
an economically sized full-scale unit 
would be 88°. The plant has two small 
tubes handling 250 cu.ft./min. each and 
scaling-up by multiplication would 
have required 12 similar tubes and 
a corresponding disproportionate in- 
crease in the capital cost. 

Mechanical, constructional and 
maintenance considerations demanded 
as few tubes as possible, whereas 
maximum efficiency called for a larger 
number of small tubes. Finally it was 
decided to use five tubes and to scale- 
up the throat diameters, the water 
rate and the pressure drop to maintain 
the required efficiency of 88°. 

It was noted that an 11.5°% increase 
in the throat diameter would only 
involve a reduction in the throat 
velocity of 3.5%, if five tubes were 


the pilot-plant data it had been 
observed that in the range under con- 
sideration the total pressure drop was 
approximately in direct proportion to 
the water flow rate in gal./1,000 cu.ft./ 
min. and it was then calculated that 
a 25% increase in the water rate 
would produce a 36%, increase in the 
pressure drop. This 25°, increase in 
the water rate was decided upon in 
order to compensate for the increased 
throat diameters. Table 1 gives the 
final design figures with the pilot-plant 
figures and the final full-scale plant 
results for comparison. 

It will be seen that the final design 
fulfilled the requirements and exceeded 
the guaranteed efficiency by 4°. 

It is particularly interesting to note 
that the pilot-plant data were suf- 
ficiently basic to enable the full-scale 
unit to be designed by a simple 
scaling-up of the pilot unit without 
the aid of involved mathematics and 
clearly demonstrates in this type of 
work the simplification of scaling-up 
problems which can be achieved by 
the use of a suitable small-scale pilot 
plant. 





used to handle 3,000 cu.ft./min. From 


Scale-up for Drying and Filtration Plant 
(Concluded from page 114) 


important of all, that economic and 
satisfactory results be obtained from 
its use. Thus to work in conjunction 
with the C-3 and C-51 production 
dryers, pilot-scale models were de- 
signed on the lines outlined above and 
installed, one of each kind, in the 
testing laboratory (see Fig 1). 

Relatively small quantities of 
material are required for testing pur- 
poses and even then a number of 
tests on any one material can be made 
in order to arrive at the optimum 
operating conditions such as loading 
per square foot and temperature. 
Since the introduction of the dryers 
on the market several hundred tests 
have been made using the pilot models 
and ample verification has been re- 
ceived that the results anticipated 
have been achieved and in some cases 
even improved upon. 


Conclusions 
To summarise the position as 
regards scale-up of filtration and dry- 
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ing operations, the following points 
have been found to be most important. 

(1) Pilot batches should be as large 
as possible. The margin of error is 
reduced considerably if batches for 
drying are bigger than 10 Ib. and for 
filtration bigger than 10 gal. These 
are minimum quantities for a single 
pilot-scale run; naturally, to obtain 
best results, several runs should be 
made, since intelligent planning of 
trials is only to be expected after the 
first run. 

(2) It is highly desirable that per- 
sonnel from the company interested 
in a scale-up project should be present 
when tests are carried out. Sometimes 
this is considered a waste of time, 
especially in the initial stages, but it 
pays very high dividends in the end 
as it can result in considerable savings. 

(3) Everybody concerned in pilot- 
plant and scale-up work should have 
wide practical experience in their pro- 
duct as this again will result in a 
realistic approach to the whole subject. 


Process heating systems 


The importance of process heating 
systems and equipment is described 
in the special feature of the March 
issue of Manufacturing Chemist. 
Other articles in this issue include 
Emulsifying Equipment, by C. W. 
Ridout; Milk Fever Treatment, by 
R. Seiden; Carbohydrates in the 
Chemical Industry—3; Fermentation 
Processes, by G. Machell. 

The following other articles appear- 
ing in our associate journals may be 
of interest to readers of CPE. 


Paint Manufacture—O.C.C.A. &x- 
hibition Preview. Glycerine in Avto- 
mobile Paints, by C. J. A. Tay‘or. 
Analysis of Emulsion Paints, by M. H. 
Swann; Advanced Paint Chemistry, 
by P. M. Fisk. 


Fibres and Plastics—Stability of 
PVC—2, by G. D. Burgess and C. N. 
Finlay. Plastic-coated Steel. How 
Cross - linking Determines Fiore 
Characteristics, by A. J. Hall. 


Petroleum—Telecommunications in 
the Petroleum Industry: Equipment 
Review. Norway’s First Major Re- 
finery. Oilfield Radio Communica- 
tions. 


Dairy Engineering — Hydrochloric 
Acid Casein Manufacture in Scotland, 
by D. M. Gordon. Special feature on 
agricultural and veterinary chemicals. 


Corrosion Technology—Recent De- 
velopments in the Design and Use of 
Potentiostats, by I. Dugdale. Corro- 
sion Protection with Nickel-base Hard 
Surfacing Alloys, by G. R. Bell. 


Automation Progress — X-ray 
Methods of Automatic Analysis, by 
D. C. Munro. Hydraulic Servo- 
mechanisms—2, by N. A. Shute and 
D. E. Turnbull. Trends in Process 
Control, by D. G. Taylor. 


Specimen copies of these journals and 
subscription forms are available from 
the Circulation Manager, Leonard Hill 
House, Eden Street, London, N.W.1. 





CHEMICAL PLANT COSTS 

Cost indices for the month of 

January 1961 are as follows: 

Plant Construction Index: 181.7 

Equipment Cost Index: i70.2 
(June 1949 = 100) 


£sd 
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SIZE 
REDUCTION 


By R. V. Riley, ph.o., B.sc., F.1.m. 


This annual survey of new de- 
velopments in size reduction 
shows much activity in this 
field. Fundamental chemical en- 
gineering concepts are now being 
applied to study the mechanism 
of crushing and grinding and, as 
a result, to design size reduction 
equipment on scientific principles, 
this 1s demonstrated by 173 


references cited in the survey. 





i 


é 


High-speed planetary centrifugal ball mill. This Mark Il mill made by Steele and Cowlishaw 
has four interchangeable steel, stainless steel or porcelain pots. 
of grinding media and motorised drives at 10 to 25 h.p. 
periphery of a circle and revolve at speeds producing a centrifugal force of 12 x 








£ 





The equipment offers a choice 
Individual pots are arranged on the 
G. At the same 


time, each pot revolves in the opposite direction on its own axis, causing the grinding action of 


the balls on the contents of the pots. 


The mill is suitable for preparing dispersions of carbon 


black, prussian blue, benzidine yellow, etc. 


Chemical Engineering Review 


HE growth of technical activity 

in the world of size reduction 
continues to be impressive. For 50 
years the dominant equipment in this 
field has been the conventional ball or 
tumbling mill, and Fossett! makes a 
plea for more original thought by 
chemical and mechanical engineers 
within the chemical industry. Instead 
of accepting, as the best compromise, 
existing equipment for crushing and 
grinding, he feels like many other 
Scientists in the industry that we 
Should set about the task of training 
men who can tackle chemical engineer- 
ing problems from basic concepts. If 
the material is friable, then how can 
the disruptive forces be fed into the 
lumps to make best use of the known 
Properties, such as cleavage plane 
weakness? A study of the opposite 
problem—that of avoiding breakage 
of materials—might well bring its 
reward. Work on this subject by the 
British Coke Research Association was 
described recently by Lee.2 The 


investigators used piezo-electric crystal 
detectors and wire strain gauges to 
make observations of stresses of rapidly 
varying intensity and short duration. 
The effective elastic modulus of a 
number of materials, including coke, 
was determined in the manner shown 
in Fig. 1 and a correlation of the 
energy of impact with the magnitude 
of the stress wave produced was 
possible. 

Three recent reviews have been 
made of the literature on the more 
basic aspects of size reduction, in 
German by Rumpf,* in French by 
Bieler* and in English by Kelleher.° 
Rose and Sullivan® studied in detail 
vibration milling with a laboratory 
vibratory mill working under closely 
controlled conditions. It was found 
that the cylindrical ball mill running 
under vibratory conditions should be 
charged almost completely full. Oscil- 
lations in the vertical plane had more 
influence on the rate of grinding than 
in the horizontal. With relatively soft 
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minerals such as marble, coating of 
the balls reduced the rate of grinding 
with particle sizes in excess of 30 
microns. For harder materials such as 
quartz, this effect was negligible except 
for particles below 10 microns. The 
authors proposed, as a result of their 
experimental work, an equation from 
which they were able to calculate the 
rate of milling from a series of known 
parameters. 

Rittinger’s concept that the work 
expended in breaking down minerals 
is directly related to the new surface 
formed continues to be a field for 
research. Papadakis,’ like other 
workers in past years, again failed to 
prove a direct relationship under prac- 
tical conditions in industrial grinding 
mills. The difficulty lies partly in the 
impossibility of measuring the true 
surface area of the crushings, although 
measurements with the Lea and Nurse 
apparatus give specific values which 
are of some value when comparisons 
are required. Furthermore, there is 
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no ideal crushing material that can be 
used in the experiments, all lacking 
true homogeneity and yielding par- 
ticles which tend to agglomerate to 
some degree on further application of 
the breakdown stresses. Rey® attempts 
to overcome the problem of particle 
shape measurement and relates this to 
the type of mill used and the funda- 
mental characteristics of the aggregates 
produced. Bhrany® studied kinetic 
relationships between energy applied 
and size reduction obtained and 
attempted, with some success, to prove 
his theory by experiments with ball 
mills. Both batch and continuous 
grinding was shown to be capable of 
this type of rationalisation. Energy 
consumption and the particle size 
resulting from idealised crushing pro- 
cesses were also studied by Schu- 
mann,!® who derived a series of 
empirical equations. Work on Poise- 
nille’s and Kozeny’s formule for the 
measurement of specific surface by 
permeability determinations extended 
the applicability of such methods." 
A critical study of the theory of pan 
milling by Jirku’® was supported by 
a mathematical analysis of the trajec- 
tory of the granules. Brown also 
developed an interesting mathematical 
analysis of closed-circuit grinding in 
which he took into account not only 
the crushing operation but also the 
classification process.!* Particle size 
analysis has also been examined 
mathematically by Rumpf™ and the 
results of practical measurements by 
a variety of methods are compared 
from the point of view of accuracy. 


Primary breakdown of minerals 

Jaw crushing is usually the first 
operation in any mineral extraction 
process. The General Electric Co. 
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Fig. |. Apparatus for studying impact behaviour of coke 


Ltd. have recognised the importance 
of the study of crushing in the develop- 
ment of a new product and in their 
new mineral dressing laboratory have 
provided, along with other crushing 
machinery, a jaw crusher sufficient to 
take 2-in. pieces of rock. Large-size 
jaw crushers are now utilising roller 
bearings to a greater extent than for- 
merly even on units as large as a 


Swedish 150-h.p., 400-tons/hr. crusher 
discharging through an 8-in. delivery 
gap. Roller bearings have the 
advantage of requiring little main- 
tenance and can be kept free from 
grit by closely fitting dust covers.'’ 
Several recent patents have claimed 
improvements in the motion of the 
jaws,'® the contour and corrugations 
of the jaw face!® and the ease of adjust- 


(Courtesy: Bramigk & Co. Lid 


The ‘ Bauermeister’ ring-toothed mill is recommended for grinding soft to medium hard and tough materials. The toothed rings are made of wear- 
resistant chilled cast iron or steel. Iron contamination is avoided by means of a powerful permanent magnet placed near the discharge. The charge 
is fed into the mill by an electrical vibrator. The model on the left is a pinned disc fabricated type with riveted pins. The model on the right is a 
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pinned disc cast type 
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ment of the discharge opening.?° 
Cushman*! claims a form of com- 
bination jaw crusher which gives a 
semi-classified product. Lower main- 
tenance bills are likely with good- 
quality steel castings such as the 
austenitic manganese steels*? contain- 
ing molybdenum and by utilising 
improved-access bearings and bushes 
to support the crushing jaws.”* 


Gyratory crushers 

Another primary crusher for ores is 
the gyrator. °° The main improve- 
ments in this hard-working unit is in 
the method of feeding the ore and the 
drive. One new method of feeding is 
via a gyrating feed cone*® which 
secures a more uniform loading into 
the crusher head. A fluid pressure 
device attached to the stator linings*’ 
regulates the depth of feed in the mill 
opening. In another design, attention 
is given to the fitting of the ‘ mantel ’ 
liner plates.”* 

The steam turbine has been applied 
to drive a heavy-duty crusher through 
a compact form of gearbox mounted 


an alloy iron known as Ni-hard, which 
is now freely available since world 
supplies of nickel have improved. 
Such castings can be conveniently 
centrifugally cast and the cylinder 
after machining is shrunk on to a 
softer iron or steel core.** The shell 
hardness may thus have a hardness in 
excess of 400 Brinell, whereas the 
inner core should be ductile and not 
exceed 300 B.H. The repair of worn 
roll bodies by welding is now more 
common and a welding fixture has 
been claimed which permits more even 
and regular deposits to be laid in 
concentric rings around the roll face.* 

Kneading rolls for plastics and the 
milling of rubber*’ are preferably 
separately controllable. The surface 
speed of each roll is independent of 
the other. For clay milling, perforated 
rolls provide a means of granulating 
the material in a blended form.** 

A resilient, spring drive has been 
developed for a ring-ball mill®® which 
at the same time helps to absorb shocks 


‘that occur during grinding which 


would otherwise be _ transmitted 





The ‘Eutcleter’ impact mill provides a means for precision size reduction. The mill comprises 


a high-speed rotor enclosed in a steel casing. 


Centrifugal force throws off the charge from 


the horizontal disc at high speed through impact pins and the disintegrated material is collected 

in the classifier cone. Capacities of this type of mill range from 200 to 500 Ib./hr./h.p. and 

machines are available which run at 40 h.p. The mill is recommended for magnesium carbonate, 
resins, mica, flour, pigments, sulphate of ammonia, salt, etc. Made by Henry Simon Ltd. 


vertically on a common bed plate,?°: *° 
thus securing the greatest economy in 
space. 


Rolls and ring-ball mills 


The adjustment of rolls by hydraulic 
means is a modern development which 
must lead to a more sensitive control.*! 
New mechanical screwed members 
have also been claimed in a British 
patent.** Roll shells are made of 
good-quality chilled cast iron*® or of 


directly to the driving motor. This 
type of mill may also be adapted to 
give an air-swept crushing zone‘? 
which, by air entrainment of the fines, 
removes them from the ball ring, thus 
helping to improve the _ general 
efficiency of the mill. 


Hammer mills and disintegrators 

Most solids behave in a brittle 
fashion when struck at a high speed 
and this principle forms the basis of 
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a large class of rotary hammer mills. 
A simple, all-welded construction is 
claimed by Rogers"! as especially suit- 
able for the inexpensive crushing of 
rock at the quarry face. A novel all- 
purpose vertical rotor disintegrator* 
combines intermeshing cutter studs in 
the upper half of the mill with an 
adjustable cone in a lower grinding 
section. 

The hammer mill is universally 
employed for coal pulverising. Char- 
vat*® has studied the effect of variables 





The top-drive macerater may be used for 
smashing up organic matter and the preparation 
of food samples. It is made in expendible 
materials which can be cheaply repaired or 
replaced. Each part is available separately. 
The blades rotate at 10,000 r.p.m. and will 
operate on 100-150 ml. of liquid. Made by 
Townson and Mercer Ltd. 


on the fineness of grinding of coal. 
A British patent’ makes reference 
to a horizontal-toothed, drum-type 
crusher allowing of a variable speed 
which it is claimed governs the average 
size of the broken pieces. Berthold, 
however, feels that it is the output and 
not particle size that is directly related 
to impact velocity when crushing 
lignite. Similar tests made by Ramm- 
ler and Glockner** on brown coal 
showed that the degree of pulverisation 
increased with increased rotor speed 
and with reduced throughput and that 
speed was the major factor. The 
effects were reduced when finer dis- 
charge screens were used, and the 
contour of the slots in the screens was 
important. Berezin‘*’ also investigated 
the part played by the discharge grid 
when grinding coal. Wear on the grid 
was similar in effect to wear on the 
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hammers, both resulting in a coarser 
product. Rapid changing of discharge 
screens is an advantage and the novel 
proposals of Humphrey ef al. are 
interesting.** The cylindrical screens 
are stacked one above the other 
adjacent to the mill and each one can 
be easily inserted into or withdrawn 
from the grinding chamber. 

The design of underground crush- 
ing and screening plant is dictated by 
the low head room in the coal mine 
galleries; a recent proposal is to over- 
come this difficulty by combining the 
screening with the conveyor belts 
between the crusher units.*® Kush- 
nirov’® studied the output figures and 
crushing characteristics of hammer 
mills working at coal preparation plants 
at six Russian coke ovens and con- 
cluded that curved screening bars 
were preferable to avoid excessive 
amounts of fine coal, below 0.5 mm. 
A gravity-feed coal crusher is the 
subject of a British patent granted to 
the Coal Utilisation Research Asso- 
ciation® and a complete coal pulveris- 
ing equipment controlled by the 
requirements of the boiler furnace is 
claimed by Riley Stoker Corporation.™ 

The beater centrifugal-type mill is 
a special form of disintegrator which 
is widely applied to the preparation of 
paper pulp. Two new units proposed 
have toothed drums** and wedge- 
shaped beater and stator rods.*4 One 
grinder for wood and fibrous matter 
comprises two circular saw blades 
working in close proximity and spin- 
ning in opposite directions, the whole 
being encased and provided with a 
feeding belt.*° Paper pulp in suspen- 
sion may be treated continuously in a 
double tank, each sector of which has 
rotating cutting knives working in a 
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*Kek’ mill fitted with involute 
delivery ring 


pool defined by adjustable weirs. 
Another technique is to dewater the 
pulp substantially in tubes fitted with 
screws which compress the pulped 
material into a plug which is disin- 
tegrated when it extrudes at the end of 
the tube.°”? Digestion of wood pulp is 
aided also by passing it through a 
labyrinth of horizontal rods inter- 
spersed with vibrating beater bars.** 

Two types of centrifugal impact 
machine have been claimed that are 
suitable for the milling of grain, par- 
ticularly prior to mashing for fer- 
mentation.°®: 6° 

The hammer mill and centrifugal 
disintegrator are units which are 
frequently air-swept and combined 
with classifying apparatus and can, 
therefore, be used for the separation of 
substances having different specific 
gravities.®: ** One novel arrange- 
ment* employs compressed air for 
driving the pulveriser and the exhaust 
air at lower pressure is expanded into 
the impeller casing where it serves to 
sweep out the crushings. The air 
stream produced by the rotating 
beaters can be used to effect the 
pneumatic removal of the powdered 
material when properly deflected up- 
wards towards the delivery end of the 
mill.*° Perhaps even more novel is 
a vertical pulveriser which works at 
sub-atmospheric pressure; this, it is 
claimed, not only provides a method 
of removing the pulverised material 
but reduces the power absorbed by 
the rotor.®* Also of interest is a new 
combination of an impact mill and a 
jet disintegrator.®” 

The hammer mill is frequently used 
also for mixing and blending**: ®° for 
a variety of purposes, including stock 
feedstuffs’° and foodstuffs.” 


Sticky materials such as clay respond 
well to treatment in rotary disin- 
tegrators’* and units have been de- 
signed in which the material may be 
heated or cooled to attain the optimum 


friability.** The Tornado mill is 
described as a centrifugal mill which 
not only deals with chemicals, plastics, 
foods and drugs but has been applied 
with equal success to tungsten carbi Je 
powders. 4 

The fire hazard, which is always 
present when crushing by impact very 
fine powders, may be minimised »y 
correct design and proper attention to 
explosion concentration limits.”° A 
recent publication by H.M. Factory 
Inspectorate lists dusts under thice 
classes: easily ignitable, less easily 
ignitable and those which did not 
ignite under the test conditions.”* It 
is surprising to find ammonium nitr te 
and ferrosilicon in the last category, 
and iron and milk powder in the ‘ must 
dangerous’ list. 


Ball, tube and rod mills 


Experimental work upon the theory 
of grinding in ball mills has received 
some attention by Patat’’ and Brown.** 
The former investigator derived a rate 
equation by the application of kinetics 
which he confirmed by 3,000 grinding 
tests. The latter reviewed critically 
Broadbent and Calcott’s ‘ matrix 
method ’ and applied the principle to 
a study of closed-circuit grinding in 
the ball mill. There has been a ten- 
dency in recent years to step up the 
speed of ball mills to velocities in 
excess of the ‘ critical’ or cascading 
speed. Work on pilot-scale mills 
operated at super-critical speeds of up 
to 2,000%, of the theoretical have 
shown that rapid grinding of almost 
any material can be obtained at these 
speeds provided the ball load is 
reduced and the size of the balls is 
increased.*® Fast ball mills may be 
improved by the incorporation of a 
stripper bar which forces the charge 
into a rolling motion relative to the 
mill wall.*° 

Ball mills run at the more conven- 
tional speed of 70 to 80°, of ‘ critical’ 
are suitable for the grinding of ores, 
coke, coal and clinker.*! The ribs on 
the lining are made initially 0.6 to 1.0 
D in height and 1.5 to 2.0 D in width 
(where D = diameter of the balls). 
In such mills, the larger particles of 
the charge can also act in themselves 
as grinding media.** However, it is 
claimed that the superior density of 
steel balls running in a steel mill give 
more rapid crushing of alumina than 
can be obtained in a porcelain mill 
with pebbles.** The addition of 1.2% 
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sugar to the slurry in the mill also 
results in a three-fold improvement in 
rate of grinding. Improvements in 
the sealing of the mill at the entrance 
end have been claimed**: *° and the 
deliberate introduction of a volatile 
liquid into a ball mill for the purpose 
of cooling by evaporation is men- 
tioned.** 

For cement grinding, the closed- 
circuit air-swept mill has been shown 
to be more efficient*? and more 
economical in the larger sizes in excess 
of 30 tons/hr. output. A similar con- 
clusion was reached by the well-known 
Japanese writer, Tanaka.** _ Bell- 
winkel*® claims that better overall 
throughputs can be obtained using 
two mills in tandem, one for the 
preliminary grinding and one for 
finish grinding.°® Methods of rapid 
removal of the product from the mill 
are the subjects of patent claims.®!: 
Ventilation of a ball mill without loss 
of fines** proves an interesting de- 
velopment as also is a device to allow 
gravity discharge of ground material 
without losing the grinding balls.™ 

Proposals to control the feed to a 
ball mill by the noise produced in the 
mill have been made previously, but 
the Russian method of using the 
charge-discharge cycle of an electrical 
capacitor receiving a charge from an 
electronically amplified signal picked 





The ‘ Puc-Vikosator’ is a vibration colloid mill 
for the treatment of a slurry. Adjustment 
of the machine can be carried out without 
Stopping the motor to give a particle size of 
20 to 40 microns. Corrosive materials may be 
safely handled in stainless steel and this mill 
is used widely in the German chemical industry 
and for detergents, foodstuffs, printing inks, 
cosmetics, etc. It is available in 14 sizes, 
ranging from 2 to 34 h.p. Made by Kolloid- 
technik Probst and Class G.m.b.H. 








up by a microphone appears novel.® 
For the control of the ore to water 
ratio during wet milling, another 
Russian inventor uses a transducer 
to measure discharged pulp density 
which triggers off the necessary cor- 
rective water additions at the input 
end of the mill.*% Milling economies 
are claimed’ by regulating the speed 
to an optimum value to maintain the 
lowest energy consumption per pound 
of ground material. 

Probably the most important single 
factor which dictates the cost of grind- 
ing is the wear properties of the mill 
liner and grinding media. The tech- 








Ultrasonic disintegrator. Besides its many and 
varied applications in the biological field, this 
ultrasonic disintegrator has been used for the 
dispersion and emulsification of powders and 
immiscible liquids and for the liberation of 
micro-fossils from rock. The transducer work- 
ing at 50 W has an amplitude of 10 microns 
at a frequency of 20,000 cycles. Made. by 
Measuring and Scientific Equipment Co. 


nology regularly receives much infor- 
mation relating to practical experience 
with and new ideas for liners,®* dis- 
charge grates®®: 1° and balls.'° Ni- 
hard remains a popular, well-tried 
form of cast iron for these hard-work- 
ing castings.!°: 19,10 A particularly 
interesting survey of 37 firms’ ex- 
periences with liners was carried out 
by Zieman!® who showed that, for 
toughness, manganese steel is still the 
best, but where conditions permitted, 
Ni-hard or even white iron could show 
economies. 

Vibration ball mills have now 
‘grown up’ and really large mills are 
possible, but mechanical difficulties 
and energy losses at bearings may well 
limit their size for some time to 
come.!% Where two or more vibrator 
units are to be attached to a vibromill, 
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The ‘ Russell’ mill. Comminution in this mill is 
brought about by the collisions of air-borne 
particles introduced at supersonic speeds into 
the vortices created by a rapidly rotating 
paddle wheel. The machine, powered by a 
15 to 20-h.p. motor, drives the paddle wheel at 
5,000 r.p.m. and will reduce a material such 
as sugar or chalk to a particle size of 50 
microns at the rate of 400 to 600 Ib./hr. 
Made by Russell Constructions Ltd. 


these should be electrically synchro- 
nised.1°’ Excessive liner wear may be 
eliminated by providing deflecting 
fillets at the nodal positions.'°* Skill 
is necessary to arrange the proper 
relationship between the out - of- 
balance weights necessary to secure 
vibration and the natural frequency of 
the drive shaft.1°*:"° Matveev! and 
a collaborator found a mathematical 
expression for ball wear during the 
vibration grinding of refractory oxides. 


Disc mills and jet mill pulverisers 

Fibrous materials like wood, asbes- 
tos, feeding stuffs, etc., are frequently 
shredded in disc mills"*: "% equipped 
with sharp teeth which work in close 
proximity to similar teeth on the 
stator. The mill may also have more 
than one rotating disc!‘ "° working 
opposite dished stator plates. One 
toothed disc recently claimed has 
elliptical rungs of projections working 
with small clearances adjacent to 
similar formed discs."* In all such 
mills, attention must be paid to adjust- 
ment as clearances are small."'? Wood 
may be pulped by using grit-coated 
grinding members which are kept in 
good working order by a jet of water 
to remove the particles which would 
otherwise clog the mill.!!*, 19 

Kek Ltd.!*° have recently developed 
a new series of belt-driven pin disc 
grinding mills. The first belt-driven 
machine manufactured by the com- 
pany, the Minikek mill, has been avail- 
able to industry for the past three 
years. However, improvements in 
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PREBREAKERS 
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FOR SIZE 
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PREBREAKERS are heavy duty machines utilizing 
low torque and low speeds and are designed for heavy 
crushing, skin shredding, hogging, and pre-treatment 
of larger particles before disintegration. The material 
fed into the hopper is crushed by rotating hammers in 
conjunction with anvils fixed to the base of the trough. 
Advantages are eveness of product size giving maximum 
charge to cooker, and minimum process time, low 
power consumption, slow operating speed, high 
throughputs, minimum maintenance costs. 
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DISINTEGRATORS are heavy duty, high speed machines 
which produce uniform particle size from materials in the 
small or medium range. The input can be fine to coarse, wet, 
moist or dry. An integral prebreaker can be fitted as a feeder 
to give preliminary size reduction. A special feature is that 
maintenance is particularly easy and screens can be replaced 
very quickly when worn, or it is desired to change the gauge 
The exclusive Scott-Rietz differential discharge enables re- 
sistant or tramp materials to be automatically separated 
from the product. 

Advantages are even size of product, minimum operating 
costs, easy access to the machine and special differential dis- 
charges for tramp material. 

Scott-Rietz machines are manufactured in Great Britain 
under licence by George Scott & Son (London) Ltd.—one of 
the Balfour Group with its comprehensive Research and 
Development Centre. 


For further details please write to: 


GEORGE SCOTT & SON (LONDON) Ltd. 


Head Office & Works: Leven, Fife, Scotland, Telephone: Leven 344 
Telegrams: Niobate Leven, Fife. 
London Office: Artillery House, Artillery Row, Westminster, S.W1 


Telephone: Abbey 2121 
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design have been made to enable 
higher rates of throughput and pro- 
ducts of smaller particle size to be 
obtained from this machine. These 
modifications have entailed increasing 
the rotor speed from 15,000 to 19,000 
r.p.m. and the horse-power of the 
driving motor from 1 to 1.5 h.p. in 
certain cases. Under these conditions, 
products having a top size of 20 
microns and rates of throughput of 
100 kg./hr. are obtained from machines 
operating on a continuous basis. 

Pinned disc mills have been found 
useful for the granulation of pow- 
ders,!! sulphur'** poured into the mill 
molten, and spices such as nutmeg, 
mace, mustard, caraway seed, etc.!*3 
For the latter purpose, it is helpful to 
chill the spices with solid carbon 
dioxide during the grinding operation. 
Mention must be made of the com- 
bination of vibration principles to disc 
mills.!*4 

Jet mills have been the special study 
of Prof. Rumpf,!*>: * who has pub- 
lished two excellent papers relating 
theory to practice. In jet mills the 
particles are accelerated to the impact 
velocity by the jet stream and grinding 
is effected mainly by the collision of 
particles in the front part of the jet. 
Practical forms of jet mills having 
curved comminution chambers!®’ and 
a worm extractor to remove the over- 
size particles from the classifier have 
been described.!** Ultra-fine grinding 
becomes possible with supersonic jet 
speeds. With jet speeds approaching 
mach 2, particles as small as 1 micron 
are produced in good yield." A 
modified form of jet mill is one? 
taking the solids in a stream of slurry 
which, when impinged with high- 
ve'ocity air, gives instantar.eovs evapo- 
ration of the liquid and fragmentation 
of the particles. 


Colloid mills and fine grinding 


Ccllcidal mills depend for their 
operations upen accuracy of design 
and engineering skill, they work with 
very small, fixed clearances and must 
be robust and sound. In use, they 
must not be abused by supplying too 
coarse a feed. Two new designs are 
the subject of American patents; in 
the former! the passage of the suspen- 
sion through the shear gap is caused 
by induced circulation of the liquid, 
and in the latter’? the shear gap is 
between conical members which are 
kept free from coarse particles by a 
supply of water pumped up the 
hollow shaft of the rotor. The Micro- 
mzer'*® has been shown to give rapid 
dispersion of paint pigments in an oil 
vehicle to give gloss paint standards 


in 4 to 20 min. Carbon black particles 
for rubber tyre production are so fine 
that they will absorb some 130 to 170 
gal. of oil per 1 Ib. of black. Carbon 
black produced from acetylene can be 
improved by attrition in ball mills or 
rolls or in supersonic jet mills prefer- 
ably working in an atmosphere of 
nitrogen.!™ 

A laboratory macerator suitable for 
breaking down organic matter, food 
samples, etc., to a homogeneous mass 
in a few minutes!* has blades which 
run at 10,000 r.p.m. An ultrasonic 
disintegrator will actually break up 
micro-organisms such as Escherichia 
Coli. in a few minutes."** The humble 
pestle and mortar has been mechanised 
and a new design is the subject of an 
American patent.!*7 


Meat, garbage and ice 


New types of meat choppers,!** dis- 
integrators for food preparation’®® and 
a specialised hammer mill'*° for the 
grinding of fat-containing tissue have 
been described. Also of interest is 
a disintegrator for wet and sticky 
material’' and an air jet agglomerator 
for the production of sized granules 
from a finer powder. A variation of 
the homely mincer can be used for 
larger-scale operations'*: “4 and for 
the breaking up of extruded pellets of 
PVC and similar thermoplastics.'**: 146 

Garbage disposal is attracting inven- 
tive talent, particularly in America, 
where a compact device for attaching 
to the household sink is now regarded 
as essential to ‘ gracious living ’.!47-157 
Sewage grinders!*®: °° and heavy-duty 
waste disposers'®® are also mentioned. 

Another essential to the American 
way of life is ice—crushed ice—and 
much equipment for preparing this is 
now being offered. Simple hand- 
operated units’®' or motor - driven 
crackers are available for domestic 
use!®?, 163 and for larger-scale use by 
ice-cream makers and fish merchants 


machines of greater power are 
used.}*4, 165 "i 
Unusual methods of size 
reduction 


Pitch may be granulated by pouring 
it in the molten condition through a 
distributor from the top of a tower. 
During its descent, it is cooled with 
air directed in counter-current flow 
and finishes as a powder at the 
bottom.’® This shot tower method is 
also used for granulating molten metals 
and slags.!*’: 6° Sulphur powder may 
be prepared by atomising liquid sulphur 
with a jet of nitrogen or furnace gases 
at 90° to 100°C.'®* An unusual varia- 
tion of the ‘ shotting’ principle is to 
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provide a rapidly rotating vertical 
cylinder enclosing a rotating graphite 
electrode which arcs on to a lump of 
high-melting-point metal or alloy. As 
the material melts, it is thrown off by 
centrifugal force and the powder is 
collected from the bottom of the cooled 
vessel.!7° 

Iron ore has been crushed in Russia 
by the application of high-frequency 
electric currents which cause rapid 
heating, expansion and disintegra- 
tion.!7! 

Sorbitol has a tendency to blind 
screens of hammer mills; it may be 
crushed more successfully using a pin 
disc mill’ in a stream of dry air. 
Baking flour is required to have a 
particle size of 30 to 35 microns but 
should not sustain damage to the 
starch cells during the process. Roller 
milling followed by air classifying and 
a final impact crushing is claimed to 
give the best results.!”* 
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Industrial Publications 


Rubbers. The impact on modern 
industry by the use of Hycar buta- 
diene/acrylonitrile rubbers and latices 
is demonstrated in a publication issued 
by British Geon Ltd. After an intro- 
ductory section describing the manu- 
facture and processing of the rubber 
it goes on to show how its properties 
meet the needs of different industries. 


Expanded polystyrene is the sub- 
ject of a booklet available from 
Expanded Plastics Ltd. The object 
of the illustrated booklet is to explain 
the methods by which the best use of 
Polyzote expandable granules may be 
made. 


Careers. Mr. R. Miles, who retired 
last year as chairman of the Head 
Wrightson Group, has written a book- 
let for boys who may be interested in 
a career in the iron and steel industry. 


| Originally styled for the company’s 


own apprentices, it was found that the 
book had a wider appeal and a dis- 
tribution has been made among schools 
and technical colleges. 
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Design of Heat Exchangers for 
Nuclear Power Plants 





Part 2 


By B. F. Ridal,* s.sc.ctech.), a.m.inst.F., and J. H. Wilson,” B.sc. 


In the first part of their article which appeared last month the authors discussed the 
importance of accurately determining heat-transfer coefficients in steam-raising units. 
In the continuation of this article a method for determining fin efficiency is described. 
The whole problem of economic design is treated thoroughly and the various factors 
affecting the cost of s.r.u.s are classified. Finally flow-induced vibrations are discussed 
and suggestions are made how best to avoid this hazard. 


HE pressure drop over the bank of 

finned tubes is measured between 
static pressure tappings in the tunnel 
wall well upstream and downstream 
of the bank, and a small allowance 
(experimentally determined as 0.34 » 
upstream velocity head) is made for 
the pressure drop in the empty tunnel. 
No heat is supplied to the bank during 
the test, but there is a small change in 
air density arising from the small 
change in pressure as the air flows 
through the bank. The pressure-drop 
coefficient is therefore defined as 


Ap (1 Ap =~) 
nG?/2g0, 2P: Piri 


(12) 
where the Ap/2p, term corrects for 
the change in gas density referred to 
upstream conditions, and G?/p,09,g is 
an acceleration term. The value of 
the bracket is about 0.96 for the 
maximum flow rates obtained in the 
wind tunnel. 

The above method gives a mean 
value of pressure-drop coefficient for 
a bank of tubes. The row-to-row 
variation in pressure drop can be 
obtained, however, by suspending a 
central tube of each row in turn from 
a simple wind-tunnel balance and 
measuring the moment required to 
keep the tube in equilibrium. The 
drag on the tube may then be calcu- 
lated, and an equivalent pressure-drop 
coefficient derived: 


fn — (Drag! SrL)(2g¢/G?) 
[1 - 3(2n - 1)Ap/p,] 
Eee (13) 


where (Drag/S7L) is equivalent to the 
pressure drop across the mth row. 
The expression in the bracket corrects 


f 


for the change in density through the 
bank, assuming the pressure drop is 
the same for each row. The accelera- 
tion at the mth row is neglected. 

Comparison of the pressure-drop 
coefficients obtained, for staggered 
finned-tube banks, from balance and 
static pressure measurements show 
agreement to within about 2°. That 
the two methods agree so closely 
indicates that the working section is 
sufficiently large (five transverse tube 
pitches) for the wall effects to be 
insignificant. 

From a knowledge of the row-to- 
row variation in the pressure-drop 
coefficient it is possible to extrapolate 
to much deeper tube banks than those 
used experimentally. It is found that 
there is a much bigger row-to-row 
variation in pressure-drop coefficient 
for plain tubes than for finned tubes. 
The first two rows of a staggered 
plain-tube bank have about twice the 
pressure drop of subsequent rows, 
whilst for a typical staggered annular 
finned tube bank, the maximum row- 
to-row change is about 20°, with the 
pressure-drop coefficient increasing 
with depth. 

For gases other than air, pressure 
drop is evaluated at the same Reynolds 
number. The experimental error on 
pressure-drop coefficients is estimated 
to be +2°%. The transposition of 
pressure-drop data to other gas con- 
ditions contributes little or no error, 
providing a suitable mean gas density 
is used to evaluate the pressure drop. 
The cleanliness and dimensional 
tolerances of the tube bank are, how- 
ever, important, and although all pre- 
cautions are taken a probable error of 
+5°, is a reasonable design margin. 
A relatively slight coating of rust or 
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dirt may increase the pressure-drop 
coefficient by as much as 15°, whilst 
the heat-transfer coefficient remains 
unchanged. 


Fin efficiency 

Heat is transferred to or from a 
finned surface by conduction through 
the fins and convection to the sur- 
rounding fluid, and hence there is a 
temperature gradient along the fins. 
The fin efficiency » may be defined as 
the ratio of the actual heat transferred 
to that which would be transferred 
with an infinitely conducting fin. 
Thus: 


5 5 
> i hA0dS/[(0s - 9) i hdS] 
0 0 
and only when A is constant, does 
s 
‘ hf AOdS/h(0s — %)S 
0 


= AOm/(Os — 9%) 

The usual Gardner method of cal- 
culating fin efficiency makes this 
assumption of uniform A, along with 
several other simplifying assumptions 
as listed by Kern.* Since the heat- 
transfer coefficient is far from uni- 
form,® a check on the validity of the 
Gardner solution would be worth 
while. 

To study fin efficiency for a typical 
staggered bank of annular finned 
tubes, the heat-transfer rates were 
measured on machined copper, alumi- 
nium, mild-steel and stainless-steel 
tubes. The tubes were arranged at 
a staggered pitch of 3§ in. x 23 in. 
(transverse longitudinal). They 
were 1? in. diam. and had six fins/in. 
length, } in. high by 0.055 in. thick. 


* Simon-Carves Ltd. 
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The results are expressed graphically 
by plotting hd¢/k, against the Reynolds 
number, where ky, and » are evaluated 
at the arithmetic mean of the tube 
wall and air temperatures (Fig. 4). 
The results were then correlated using 
the Gardner method, and are shown 
in Fig. 5 as a plot of Adjkg against the 
Reynolds number. It can be seen 
that the correlation is unsatisfactory 
for the stainless-steel tube but reason- 
able for the other metals. 
Dusinberre’® considered longitu- 
dinal fins of rectangular profile, where 
the fin efficiency is given by the 
equation: 
@ = (tanh N)/N 
with N = D(h/kmb) 


(D is the fin height and 6 half the fin 
thickness), and showed that 
1 
% = 1+ (N2/3)-(N4/45) + (2N/945) 
As a first approximation: 
l 
% 1+ (D*h/3bRm) 
If, as an extension of this, an equation 
of the same form is assumed for (say) 


rectangular-cross-section annular fins, 
that is: 








1 
* 1+ (M Dh/3bkm) 
where the factor M requires experi- 
mental determination, then 
h 
1+(M D®h/3bRm) 





vee (14) 


ho = 


and ky/hed 
= hg/hd + Mk, Rm)(D?, 3bd) o- (15) 


To verify this equation, k,y/hed is 
plotted against (ky/km)(D?/3bd) for 
various Reynolds numbers, as in Fig. 6. 
A straight line of slope M is obtained 
for each Reynolds number, with the 
intercept on the ordinate at a value of 
k,/hd. Thus, by a suitable extra- 
polation of experimental data, the 
effect of fin efficiency can be allowed 
for without resorting to calculations 
which involve doubtful assumptions. 
(This case is simplified by the fact 
that a straight-line relationship was 
obtained in Fig. 6, but if this had not 
been so the experimental derivation of 
fin efficiency would not have been 
invalidated.) 

The values of fin efficiency obtained 
from the experimental data may be 
compared with values calculated using 
the Gardner method, as shown in 
Fig. 7. Whilst there is good agreement 
for high values of fin efficiency, there 
is considerable difference at the lower 
values. It may be concluded that the 
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Gardner method is unsatisfactory for 
surfaces with non-uniformly distri- 
buted heat-transfer coefficients when 
the fin efficiency is low. For most 
practical cases, however, the Gardner 
method is satisfactory and introduces 
little error, provided the heat-transfer 
data are not transposed to conditions 
of much lower or higher fin efficiency. 

When it is thought that the Gardner 
method will introduce inaccuracies, or 
when it is impossible to calculate fin 
efficiency, such as in the case of a 
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rectangular fin on an eliptical tube, an 
experimental solution should be useful. 
It may be sufficient to determine the 
heat-transfer rates on only two finned 
surfaces of different thermal conduc- 
tivity and assume a linear relationship 
as shown in Fig. 6. 


Mechanical factors 

The most important factors affect- 
ing mechanical design are the diameter 
of the pressure vessel, the diameter of 
the tubes, and the way in which they 
are arranged to fill the vessel. Other 
considerations are the steam/water 
pressure drops through individual 
tube banks, methods of support:ng 
the tubes within the pressure vessel, 
and the way in which tubes pass 
through the walls of the vessel. 

The diameter of the s.r.u. vessel 
can be determined by optimisation 
techniques with the assistance o! a 
certain amount of design and manu- 
facturing experience. It is usually 
fixed by reference to gas mass velocity 
and the permissible gas pressure drop. 

The tube diameter is largely deter- 
mined by reference to the steam-side 
pressure drops, although some freedom 
of design is gained here because the 
number of parallel paths may be 
varied. Generally the object must be 
to use as small a tube diameter as 
possible, in order to produce a com- 
pact heat exchanger with good heat- 
transfer and pressure-drop properties. 
Compactness is important because of 
the high cost of the pressure vessel. 
On the other hand, if the tube dia- 
meter is too small, the tube elements 
will become too flexible for easy hand- 
ling and the amount of welding will be 
excessive. 

Arrangement of tube elements with- 
in the vessel is such that as much of 
the cross-section of the shell as pos- 
sible is filled with tubes. For access 
and inspection this is limited to about 
75 to 80%. Tube elements may vary 
in length, but this requires a means 
of controlling the steam or water flow 
through individual tube elements. An 
additional factor determining the tube 
arrangement is the method of erection 
of the tube elements within the shell. 
Normally the tube elements are 
lowered into the shell and the inlet 
and outlet legs pushed into the thermal 
sleeves, all site welding being done 
outside the vessel. These thermal 
sleeves are used to avoid the large 
thermal stresses which would be in- 
duced in the pressure vessel, because 
of the differences in temperature 
between steam or water and gas. The 
length of a sleeve is clearly dependent 
on the temperature difference between 
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the steam or water and the shell. 

Support of the tubes within the 
vessel is a relatively simple matter. 
Individual tubes are connected by 
welded-on straps, and the elements so 
formed may be hung from beams, 
supported from beams below, or sup- 
ported from the return bends as at 
Calder Hall. Whichever method is 
chosen, particular attention must be 
paid to thermal expansion and tube 
vibration. 


Economic design 


Of the total capital cost of each 
s.r.u., about 70°, is invested in the 
pressure vessel, including material, 
manufacture and erection, and 30°, is 
in the tube elements. There is, there- 
fore, considerable scope for reducing 
costs by eliminating space within the 
vessel which is not used to contain 
heat-exchange surface. When this has 
been reduced to a minimum any 
reduction in heat-exchanger size will 
result in a considerable saving both 
in tube costs and pressure-vessel costs. 

The principal factors determining 
the size and hence the capital cost of 
the s.r.u. are given below, and it is 
on these points that attention must 
be focused if a good economic design 
is to result. 

(a) The approach temperature dif- 
ferences or ‘pinch points’, which 
are the minimum temperature 
differences between steam or 
water and gas, may be optimised. 
Recent studies have shown that 
these temperature differences 
may be as low as 15°F. which, if 
used, would mean larger s.r.u.s 
but better steam conditions. 

(6) The gas-side pressure drop, 
which may be expressed as the 
ratio of the power required to 
pump the gas over the s.r.u. 
surfaces to the reactor thermal 
output, is an optimum at about 
0.008, depending somewhat on 
the optimum approach tem- 
perature difference and the type 
of extended surface used. 

(c) The geometry and arrangement 
of extended surfaces, and such 
factors as ‘ staggered ’ versus ‘ in- 
line’ relation of tubes and the 
ratio of transverse pitch to tube 
diameter require adequate con- 
sideration. 

(d) Other features such as pressure- 
vessel diameter are really depen- 
dent variables, and hence 
uniquely determined when the 
other variables are fixed. 

Any optimisation study must include 

all the above factors and must also 
take into account the effect of the size 
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of the s.r.u.s on the supporting struc- 
ture. Strictly speaking, none of these 
factors can be optimised indepen- 
dently, and for a true optimisation it 
is necessary to consider the station as 
a whole. However, by regarding the 
reactor thermal output, inlet and out- 
let gas temperatures, and reactor and 
duct pressure drops as fixed, the steam 
cycle and s.r.u. may be optimised 
separately. 


Non-uniform gas-flow 
distributions 

A great emphasis has been placed 
on obtaining accurate heat-transfer 
and pressure-drop data for finned 
tubes in a uniform gas flow. However, 
the possibility arises that the gas flow 
will not be uniform, and the effect of 
any such maldistribution requires 
careful examination. Non-uniform 
distribution of gas flow in a heat 
exchanger may be brought about 
either by inlet conditions or by un- 
equal flow resistances of different 
parts of the heat exchanger. 


(a) Inlet conditions 


A typical case of a widely divergent 
angle at the inlet to an s.r.u. has been 
studied in a simple two-dimensional 





the model, the jet from the inlet 
adheres to one side of the expansion, 
giving an asymmetrical flow distribu- 
tion. With a tube bank in the model, 
the flow distribution improves as the 
number of rows of tubes is increased, 
until a fairly uniform velocity across 
the duct is obtained behind a five-row- 
deep bank of staggered plain tubes 
arranged in a position corresponding 
to the first superheater bank of the 
$.1.U. 

Fig. 8 shows a typical flow pattern 
obtained in the model. This indicates 
that a resistance such as a staggered 
tube bank will cause a jet impinging 
on the bank to spread prior to passing 
through the bank, where diffusion to 
a uniform velocity takes place. 

The effect of a non-uniform velocity 
distribution on heat transfer may be 
studied by considering, say, a circular 
duct with a velocity distribution given 
by: 


v/V = 1 -(r/R)™ 


where v = velocity at radius r, V = 
maximum velocity at r = 0, R = 
duct radius and m = a number. 

Let the local gas-side heat-transfer 
coefficient be given by: 
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where « and m are constants, then 
h = «V[l - (r/R)"]" 
and 


R 
(v/V) mean = 1/nR*| [1 -— (r/R)"]2nrdr 
0 


(v/V) mean = m/(m + 2) .... (17) 
For either a uniform or non-uniform 
distribution the gas mass flow and 
gas density are the same, i.e. 

G’ = Gmean and 9’ =e 

Gmean = 0V(0/V) mean 

= eV[m/(m + 2)] 
There is also a steam-side heat-transfer 
coefficient which, together with the 
equivalent coefficient for the tube 
wall, etc., will be denoted by H. The 
overall heat-transfer coefficient U is 
given by: 

1/U=1/h + 1/H 
The heat-transfer rate, g = USLAO. 
For a uniform gas-flow distribution: 

gq = SLAOh’H/|(h’' + H) .... (18) 
or for a non-uniform gas - flow 
distribution : 
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Fig. 8. Flow pattern at inlet 


x 
q = (1/X) J [SLAOhH|(h + H)|dX = 


aV™(1 - (r/R)"|"H2zrdr 
aV™[1 - (r/R)"]" + H 





In the superheater section of the heat 
exchanger h’ = H = a(G/e)", and 
this assumption will simplify the 
calculation : 
2a(G/p)" 
= 
[(m + 2)/m}"[1 - (r/R)™}"rdr 
[(m +- 2)/m]"[1 -(r/Ry"}" + 1 
If m = 1, that is the velocity dis- 


tribution is conical, then it follows 
that: 


a SLAO 





R (R - r)"rdr 
2 6—__—_——_——_ 
4 2HiR*|. SLAG s+ RP 
and 
R (R - r)"rdr 
lq’ - 2 
aq’ = Rf (R-ny" + (RB 





(20) 


For a bank of finned tubes n = 0.8, 
and a numerical solution of equation 
(20) shows that g/g’ = 0.882. 

The effect of the non-uniform 
velocity distribution on pressure drop 
may also be calculated. If we define: 

Ap’ 
I~ @ige 
for a uniform velocity distribution, 
_4? 
G*/2ge 
for a non-uniform velocity distribu- 
tion, then consider the pressure-c'rop 
coefficient to be constant over the 


range of flows: 
Ap 


R 
1/nR? j, fleV2/2g] [1 - (r/RY"}°2-rdr 
Ap/Ap’ 


and f 


R 
[(m + 2)/m]?2 Rf {1 -— (r/R)”|°rdr 


When m = 1, Ap/Ap’ = 1.50. 


It can be seen from the above cal- 
culation that the effect of a non- 
uniform velocity distribution is to 
give a decrease in the heat-transfer 
rate and a relatively larger increase in 
the pressure drop. The example 
calculation is, however, for a very bad 
velocity distribution, and it appears 
that the non-uniform velocity dis- 
tribution will only be present for the 
first few rows of the superheater bank. 
The design margin required for such 
an inlet condition will therefore be 
relatively small, depending of course 
on the size of the heat exchanger. 


(b) Non-uniform resistances to 
flow 


It is necessary to remove fins from 
sections of the finned tubes to facilitate 
welding of return bends and attach- 
ment of support straps. The effect 
of both fin removal and_ unfinned 
return bends on the gas flow and 
performance requires consideration. 
The relative flow resistances of the 
various sections must be known, and 
then the effect of by-passing may be 
estimated. An excessive quantity of 
gas will flow over the unfinned sections 
because of their lower resistance, 
whilst the flow over the finned sections 
will decrease. There will, therefore, 
be a decrease in the heat-transfer rate 
and a much larger decrease in the 
pressure drop when by-passing occurs. 
The heat transfer to the unfinned 
sections should not be ignored, and it 
must be remembered that the mean 
temperature differences between the 
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gas and the finned and unfinned sec- 
tions will be different. The effect of 
by-passing on the heat-transfer rate 
depends on the relative magnitudes of 
the gas and steam or water coefficients ; 
it is less significant in the superheater 
sections. 

It is normally preferable that such 
by-passing is avoided by the use of 
suitable baffles. If this is not possible, 
allowances should be made at the 
design stage. By-passing may seriously 
affect the design, as it usually takes 
place throughout the complete heat 
exchanger, whereas the depth of pene- 
tration of an initially maldistributed 
gas flow may be restricted to the first 
few rows of a tube bank. 


Flow-induced vibrations 


It is known that fluid flow across an 
obstacle may give rise to the shedding 
of vortices from alternate sides of the 
obstacle. The frequency of the vortex 
shedding frem a rod or wire is pro- 
portional to the rod diameter over a 
very large range of Reynolds numbers. 
When the frequency of this vortex 
shedding is similar to the natural 
frequency of the obstacle, severe oscil- 
lations and also mechanical failure 
may occur, depending on the amount 
of damping present. 

Pressure fluctuations within banks 
of plain and finned tubes are studied 
experimentally using small crystal 
microphones mounted inside the tubes 
with minimum modification to the 
tube profile. The pressure fluctuations 
at the tube surface are measured via 
a small orifice. 

The frequency of the pressure 
fluctuations is found to be propor- 
tional to the gas velocity, and it is 
possible to predict from wind-tunnel 
tests at atmospheric pressure the 
frequency of the pressure fluctuations 
which will occur under heat-exchanger 
Operating conditions. In an experi- 
ment with air over a pressure range 


of 1 to 12 atmospheres the vortex 
frequency within a bank of finned 
tubes is found to be independent of 
pressure and directly proportional to 
gas velocity. A typical frequency 
spectrum obtained for a bank of 
annular finned tubes is shown in 
Fig. 9; in addition to the fundamental 
frequency at 185 c/s, second and third 
harmonics are detected at 370 c/s and 
555 c/s. 


MMe 


The assessment of the danger of 
flow-induced vibrations in a heat- 
exchanger tube bank is difficult. 

One solution is to design the tube 
banks with natural frequencies above 
any predicted flow-induced vibration 
frequency. Other solutions are to 
introduce sufficient mechanical damp- 
ing or to remove the undesirable 
excitation pulsations by a system of 
baffles attached to the tubes.” 
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A constant 
Half the fin thickness 


s 


Fin height 
Tube diameter 
Pressure drop coefficient 


QTR HOSTS ad 


of the tube bank 
= Acceleration due to gravity 
= Heat-transfer coefficient 
Thermal conductivity of gas 


JUNUVOUAHINQOUGQOUGUUNIOLUOUUVEOUUNOOUAUOUUIOUUOULUOLOUOULUO CLAUSE 


H 


a ae 79 


Length of tube 
Position in tube bank 


of flow 
Static pressure 
Prandtl number = Cpu/Rg 
Heat transfer rate 
Duct radius 
Radial positions 
Reynolds number = Gd/u 
Surface area per foot of tube 
Transverse tube pitch 
Stanton number = h/Gcep 


“ 


IAUNQQUUNUUUUUUOUVALNNAUSQQNNNNENN00U0UUOUUUOOUNELAEOUONNAAAUAGUOUOUUUOULE 
YOMD™ BS Pr 


e 
Mee SQHY 


Maximum velocity 
: Local velocity 
Tube wall thickness 


Constants 
Temperature difference 


Pressure drop over n rows 
= Bulk gas temperature 


Absolute viscosity 
= Fluid density 
Weighted fin efficiency 


Upper value 


2 Lower value 
i Inside 
m = Mean 
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HUNT 


Specific heat of gas at constant pressure 


Thermal conductivity of metal 


An experimentally derived factor 
Number of rows of tubes in the direction 


Overall heat-transfer coefficient 


- Area of heat-exchanger surface 


Mean outside tube wall temperature 


Subscripts (unless otherwise indicated): 
1 


NOMENCLATURE 


A function of Prandtl number 


Dimensionless 


> 


Ft. 
B.T.U./Ib.°F. 
Ft. 


>” 
Dimensionless 


Lb./sq.ft.hr. 
Sq.ft./sec. 
B.T.U./sq.ft.hr. °F. 
B.T.U./sq.ft.hr. °F./ft. 


Mass flow of gas based on the face area 


be] ” ” 


Ft. 


3° 
Dimensionless 


Lb./sq.ft. abs. 
Dimensionless 
B.T.U./hr. 
Ft. 


3) 
Dimensionless 
Ft. 


Dimensionless 
B.T.U./sq.ft.hr °F. 
Ft./hr. 

Fr 

Sq.ft. 


Dimensionless 
Deg. F. 


Temperature drop over condensate film a 
- Mean temperature difference between 
the finned surface and the fluid 


Lb. sq.ft. 
Deg. F. 


Lb. /ft.hr. 
Lb./cu.ft. 
Dimensionless 
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Transient Behaviour of 


Gounterflow Heat Exchangers 





Part 2 


By F. L. Carvalho,* p.F.x.(Hons.), Grad.t.£.€. 


In the first part of his article which appeared last month, the author discussed various 
methods of solving the temperature-time history of two fluids passing through a heat 


exchanger. 


To illustrate this method a practical example has been worked out in 
this article to compare theoretical results with experimental data. 


Good agreement 


was found between the two, thus proving that the method outlined is a useful means 
of quickly assessing unsteady performance in heat exchangers. 


O give a more practical picture of the problem under 
investigation a brief description of the experimental 
rig is given as follows. 

The test was carried out by the research station of 
Babcock & Wilcox Ltd. in Renfrew, Scotland, on an 
atmospheric test rig, in which hot air was passed over 
a bank of thick steel tubes arranged in two parallel circuits 
through which water was pumped. For complete details 
see Table 3. The air was heated at atmospheric pressure 
in a combustion chamber and a large, square, insulated 
duct carried the air to the heat-transfer zone which was in 
the form of a 3-ft. cube insulated on the outside. The 
inside contained the metal tubes through which passed 
the water. The tubes were arranged in the form of a 
serpentine coil, but the general direction of flow was 
considered to be in line with but opposite in direction to 
the air flow (see Fig. 4). 

The air and water flows were carefully measured and 
recorded. The only temperatures which were measured 
and recorded were the terminal temperatures of the two 
fluids. On the air side special flow straighteners and 
mixing grids were used to ensure that the gases were well 
mixed so as to obtain flat temperature profiles across the 
duct before and after the zone of heat transfer. 

The heat balance for the initial 100°, duty shows a 
slight discrepancy (cy taken to be 0.241 and cy = 1.0 
B.T.U./lb.°F.), which would lead to inconsistencies in 
transient analysis. To overcome this, the gas flow used 
in the actual calculation has been computed assuming 
that the terminal temperatures and water mass flow readings 
are correct. It is preferable to compute the gas flow in 
this way, since the instrumentation errors connected with 
gas flow measurements are greater than those for water. 


Numerical procedure 


Assuming that the coefficients of heat transfer are 
independently available from experimentally published 
data, the overall coefficient of heat transfer is easily 
evaluated (assuming infinite metal conductance since we 
are dealing with a thin tube in the mathematical model). 
This value of Ry referred to the outside (air side) surface 
area may be checked from the initial steady-state heat 
balance and L.M.T.D. obtainable from the terminal 
measured temperatures. 
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SOHN LULL 
NOMENCLATURE 


The following symbols appear in the text. Thosc 
symbols which do not arise in the general theory are 
omitted in this list, but are explained as they arise. 


HUH 




















= Second- | Primary | Tube | , 
= Parameter ary fluid fluid | bank | Units 
= | 
= Massflow ..| M | m | Ib./hr. 
= Velocity.. a Vo | @& | ft./hr. 
= Specific heat at | = 
= constant pres- | B.T.U./ 3 
= sure .. | Cw | | Ib.°F. 2 
Film coefficient | | B.T.U./ = 
ofheattransfer | Rw Rg sq.ft./hr.°F. 2 
Total surface | - 
available to | = 
heat transfer . . Sw | Sz “‘"P- = 
Temperature .. | 0 uw % = 
Total thermal 
capacity Cw | Cr B.T.U./ft. 
Flow path length a ft. 
Other symbols are: 
= Fin efficiency, dimensionless 
h = Unit periodic function, or counter in vee : 
x Space as measured from LHS in Fig. 1; ft. = 
Ax Finate increment in space = 
Ar 9 » 99 time 
Lw 
N yo number of equal sections into which heat 


exchanger is divided. 
t time, hr. 


STU 


The next step is to decide the number of equal sections 
N into which the heat exchanger should be divided. The 
quickest method is to assess the value of « for the initial 
steady state, « = Mcwy/mcg. If « lies between 0.9 and 
0.95 the temperature distributions are almost linear and 
consequently only a few sections, two or three at the most, 
are needed. If « = 0.25, six or possibly eight sections will 
be required, since this implies a highly exponential 
temperature distribution. 

The full load operating conditions of the rig were as 
follows, these being experimental values: 





* Atomic Energy Department, Babcock & Wilcox Ltd. 
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Table |. Initial steady state—100% load, t = 0 
Test reference: S1—4 





















































Parameter Secondary fluid Primary fluid Tube bank Units 
S | 
“i P 3 (2.847) (15.105) Lb./sec. 

Mass flow 7 ~ ou — bal i {| 10,250 54,529* (Lb./hr.) 

Velocity 1.58 52.3 (Ft./sec.) 

Specific heat at constant pressure | 1.0 0.241 0.115 B.T.U./lb.°F. 
i } ° 

Film coefficient of heat transfer, average ‘5 fs { | Daas = ates bey rear it 

Total thermal capacity .. “ip = Sem 162 0.0 171 B.T.U./°F. 
ee - wees | 

Fin efficiency .. is ~ oa i a i 0.75 

Inlet temperature nie = re = va | 57.6 | 188 F 

Outlet temperature 118.5 140.5 











* Calculated gass mass flow, t.e. m’ 
AX = 30 ft. of water flow path length in zone of heat transfer. 
N = 90/30, or three sections. 
Overall a of heat transfer = 9.83 B.T.U./sq.ft.hr.°F. (0.00273 B.T.U./sq.ft.sec.°F.) 
6.0°F. 


















































L.M.T.D. 
Overall water nap gain based on measured water flow rate and temperature rise between outlet and inlet = 624,225 B.T.U./hr. (173 
B.T.U./sec.) 
Table 2. Final steady state, t = 
Test reference: S1—4 
Parameter | Secondary fluid | Primary fluid | Tube bank Units 
ene s| 3.806 | (15.152) (Lb. /sec.) 
Mass flow - oe “ a ar =| 13,700 | 55,955* Lb. /hr. 
Velocity ee és ‘oa es ie mo ee | 2.11 | 53.66 | | Ft./sec. 
Specific heat at constant pressure rie ie a 0.241 0.115 | B.T.U./Ib.°F. 
3 eres ' , 
Film coefficient of heat transfer, average ts = {| e 134) =" oO he Fr 
Total thermal capacity .. .. .. ..  «. 162 | 0.0 | 171 | B.T.U./°F. 
Fin efficiency -. a _ ics ; me | 0.75 
Inlet temperature ka *s aa ne ran 57.6 187 | F. 
Se site AE ie ‘rere iiapieennecieanainanhedponbnnnsniiicttn ‘aielaaiad oy ee ee 
“Outlet temperature or a it os ve 107.8 136 ; 











* Calculated gas mass flow, i.e. m’ for final steady state. 


Overall coefficient of heat transfer = 10.45 B.T.U./sq.ft.hr.°F. (0.0029 B.T.U./sq.ft.sec.°F.) 
L.M.T.D. = 78.8°F 


Overall water heat gain = 687,740 B.T.U./hr. (191 B.T.U./sec.) 


Table 3. Test-rig data 





Bank under test: Mark II rig. Counterflow/cross-flow economiser 

Primary fluid: Air at atmospheric pressure 

Secondary fluid: Water at atmospheric pressure 

Gas-side free-flow area: 4.29 sq.ft. 

Tube bank description: Two serpentine tube elements in approximate counterflow, in parallel. Each circuit 90-ft. long in zone 
of heat transfer, plus 30 ft. for bends and entrances which are outside the zone of heat transfer. Each tube 2 in. o.d. = 1.625 
in. id. The tubes are staggered. Extended surface consists of lin. x lin. x % in. thick fins 

Total weight of plain tube: 650 Ib. 

Total weight of extended surface: 1,120 Ib. 

Tube bank effective heat capacity taken as: (650 + 7 1,120) x 0.115 Cr 


fy = 0.75, Ce = 171 B.T.U./F. 
(7 computed using the formule obtainable from Reference 5) 


Heat capacity of water in zone of heat transfer: 162 B.T.U./°F. 
Total gas-side surface area: 835.4 sq.ft. 

Total water-side tube surface area: 76.6 sq.ft. 

| Lens gth of gas flow path: 35 in. 
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Water flow 10,250 Ib./hr. 
Inlet temperature 57.6°F. 
Outlet temperature 118.5°F. 

Air flow .. ss 54,379 Ib./hr. 
Inlet temperature... 188°F. 
Outlet temperature. 140.5°F. 


(For complete details see Table 1) 


When the rig had been operating under these circum- 
stances for some time, a measured disturbance was applied. 
This took the form of a stepwise increase in water flow 
rate of +-3,450 lb./hr., all other parameters being kept as 
constant as was practicable. The sudden change in water 
flow caused transients in the outlet air and water tem- 
perature. After about 5 min. it was found that a new 
steady state had been established, the recorded data of 
which are as follows: 


Water flow 13,700 Ib./hr. 
Inlet temperature 57.6°F. 
Outlet temperature 107.8°F. 

Air flow .. ; 54,584 Ib./hr. 
Inlet temperature p- ——a 
Outlet temperature .. cc. a 


(For complete details see Table 2) 


The numerical example worked out is applied to this 
case, and the problem is to determine the time-wise 
behaviour of the outlet air and water temperatures and 
compare them with the values as recorded experimentally. 


100%-load steady state heat balance 

Heat gained by water 10,250 « 1.0 x (118.5 — 57.6) 
624,225 B.T.U./hr. 

188.0 - 140.5 

47.5°F. 


| 


Air temperature drop 


lt tl 


624,225 
47.5 x 0.241 
= 54,529 Ib./hr. 
624,225 
L.M.T.D. = 76°F.; Ro = 76 x 835A 


= 9.83 B.T.U./sq.ft.hr.°F. 





Theoretical equivalent air flow m’, say = 


10,250 x 1.0 
* 54,529 x 0.241 
N = 3 is probably satisfactory. 


~ 0.78 





Final steady state heat balance 

Heat gained by water = 13,700 x 1.0 x (107.8 — 57.6) 
= 687,740 B.T.U./hr. 

Air temperature drop = 187 — 136 


= 5]°F. 
| 7 — 
Theoretical equivalent air flow m’, say = 51 < 0.241 
= 55,955 Ib./hr. 
687,740 
L.M.T.D. = 788°F.; R, = 78.8 < 835.4 


= 10.45 B.T.U./sq.ft.hr.°F. 
13,700 x 1.0 — 
* = 55,955 x 0.241 


N = 3 is more than sufficient since the proximity of « to 
unity indicates a linear temperature distribution in the 
final steady state. The value of « by itself does not fix 


1.016 
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the value of N, the number of equal sections into which 
the heat exchanger is divided. The other factors which 
govern its choice are: 
(1) 8 must be a positive numeric, which implies a choice 
of N 


(2) The criteria of stability. 











Assume N = 3 
= RoSg Mew = 1) 4] 
McwN MCg 
9.83 x 835.4 ] 
10,250 x 10 x 3 O78 - 1) + 1 = 0.94125 


N = 3 is still satisfactory, since ? is positive. 


Criterion 2 

The water velocity in the final steady state, i. 
immediately after the step change is applied, is 2.11 ft. sec, 
The water-side flow path length L, = 90 ft. If N = 3, 





Ax = 30 ft. 
The criterion states that 

Vw ~ RwSw 

Ax = Cw x 3,600 


Since this criterion applies to the transient calculation, 
the symbols given above must be evaluated immediately 
after the step change. 


From Table 2, Ry, = 483 B.T.U./sq.ft.hr.°F. 





Ag < Zell x 162 x 3,600 
*= ~~“483 x 76.6 
S 33.3 ft. 
so that Ax = 30 ft. as initially selected is still satisfactory. 
Criterion 1 Criterion 4 
Cw X 3,600 Cr X 3,600 
/ = EBs memes PT Rie wnat 
waka RwSw =F RySq + RwSw 
162 x 3,600 < 12.7 sec. 
= 483 x 76.6 
= 15.7 ste. 


We could choose 15 sec. as the time interval. However, 
AT appears in Criterion 3 together with Ax, so that the 
final decision on the values for Ax and AT is yet to be 
made. Criterion 4 also involves AT. 


Criterion 3 
This criterion states that 
Ax 
AT a Vw 
30 
D 35 


which is greater than the water velocity V,,; from Table 2 
Vw = 2.11 ft. ‘sec. 


Choose AT = 10 sec. 
30 

10 

This yields a ‘ computing velocity’ of 3 ft./sec., which 
exceeds the water velocity, which is the condition required 
by this criterion. The values of Ax and AT chosen are 


= 3 => 2.11 ft./sec. 
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Fig. 4. Isometric drawing of the experimental rig 


As= M8; ia N 3 
AT = 10 sec. 

Having fixed the number of sections to be used and the 
time interval to ensure unidirectional and hence stable 
heat flow, the next step is to evaluate the coefficients of 
Equations (1d) to (3dt) from Table 2, 7.e. using conditions 
existing in the system immediately after the step change 
has been applied. 


RwSw 10 483 ‘ 76.6 
AT RwSw 
ita 
‘a 
= —"* 0.634393 — 0.068940 ~ 0.069 


AT 
~ Ax 
= coefficients of R.H.S., equation (1d) - 


] Vw = 1 —- 0.703333 - 0.296667 ~ 0.297 


AT R,Sy 10 13.68 x 835.4 : 
3,600 Cr 3600'. 171 0.185644 ~ 0.186 
AT RwSw 10 483 x 76.6 
AT RSw ar aa Ry Sq 
‘ ee “ ~0 
3600 Cr 0.213352 ~ 0.213 


E coefficients of R.H.S., equation (2d) = 1.0 
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l 
1 + (RySq/megN) 
" I — 
1 + (13.68 « 835.4/55,955 x 0.241 x 3) 
= 0.779733 =~ 0.780 
- (Rg Sq mcgN ) 


1 + (RySy/mcgN) 
coefficients of R.H.S., equation (3d) = 1.0 i 





- 1 — 0.779733 = 0.220267 = 0.220 


The transient equations (1d) to (3d) are therefore: 








fF 60f +10 — 0.634 oo + 0.069 0, + 0.297 6, 4 Set 1 
eft 10 — 0.213 99 + 0.186 uy + 0.601 0, (h = 0) 

L ht? = 0.780 pf +? + 0.220 of + 2° a 7 

r of+10 — 0,634 o, + 0.069 0, + 0.297 6, wii 
pf +10 = 0.213 o, + 0.186 u, + 0.601 0, (hh =1) 

| ut +10 — 0,780 p+? + 0.220 pf t+ 10 4 

r 6Of+10 — 0,634 9, + 0.069 6, + 0.297 0, 4 Set 3 
o§ +19 = 0.213 ¢2 + 0.186 vu, + 0.601 9, (h = 2) 

L  uf+20 — 0,780 pt +2 + 0.220 of*1 . 


The left-hand terms represent the temperatures at each 
point in the temperature diagram 10 sec. after the dis- 
turbance has been applied. 

The best procedure is to solve six equations, the first 
two of each set, the values 9%, 995 49, etc., on the R.H.S. 
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being obtained from the steady-state temperature diagram 
corresponding to conditions in the system before the step 
change is applied. Having solved 


6f + 10, of + 10 65 + 19, ft 10 


solve the last equation of each set giving u§+,.. . uh+ 1. 
The given boundary conditions are the gas inlet temperature 
and the water inlet temperature; these are », and 6, at 
all times. 

Ys = 188°F. OS ¢t S180 sec. 
187°F. 180< t <300 sec. 
57.6°F. Os t =300 sec. 


(see test results, Fig. 5) 


Before commencing the transient calculation it is neces- 
sary to work out the initial temperature distribution by 
applying the formule (1) to (3b). It should be noted 
that, since we are interested in the temperatures 9, ur 
and 9 before the transient is applied, the data of Table 1 
should be used to evaluate the terms in these equations. 


H it 


9 








100% load: 
« = 0.78 = 0.94 N=3 
(these values are correct to two significant figures) 
T T T ¥ 
' i ' ' 
h=0 hel h=2 he3 
‘ | 
300 SEC 1961 153 ax 1170-0 187-0' 300S€C 
i 5 og 1. ates 3 8 
ETc : : : ETc 
20 SEC 138.4 1S5-7 172-3 188 20 SEC 
10 SEC 138-9 (S62 172°6 198 10 SEC 
okt, ek, ° ye tes AiR 
art 
KNOWN 
76- . . 
300 SEC 76-1 92-9 109-7 ponot a 
: . TEMPERATURE °F 
erc . ‘ ‘ etc 
20 SEC 77-0 97-6 16-7 20 SEC 
10 SEC 77-6 98-3 ge” At = © sec 
of 0 e $ t e obs 
THIS ee 
DOES NOT ENTER THE 
ITERATION PROGRAMME 
300 SEC 57-6 4.3 91-0 107-8 300 SEC 
erc : ; : : ETC 
20 SEC 57-6 76-4 97-1 116-7 20 sec 
10 SEC 57-6 78-2 98:9 184 10 SEC 
———_ e 8, +. 8, 7. 3} 2 . 8 3 
WATER 
KNOWN A Be msg. Y 
BOUNDARY AT TIME b=0 SEC 
TEMPERATURE °F 











Fig. 5 


Put A = 0, in equations (15) to (30). 
8, = % = 57.6°F., a known boundary temperature 


1 
Ho = 7=9:78 (9410.78) 188 + 0.78 (1 - [0.94]")]57.6 


= 139.7°F. 





13.50 ] 
?o ™~ [13.50 + (394 x 76.6/835.4)_|"° 





394 |: 
(13.50 x 835.4/76.6) + 394] ° 
= 0.272 x 139.7 + 0.729 x 57.6 = 79.9°F. 


Putting h = 1, 2 and 3 successively we obtained the 
following table: 
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hA=uOQ b=1 b=2 b=3 
Ua 139.7 «156.8 17229 188 °F 
on 79.9 100.5 119.9 138.2 °F, 
Op 57.6 79.5 100.1 119.6 °F, 


These temperatures are shown boxed in Fig. 5 and 
represent the initial steady-state temperature distribution. 
It is necessary to know these values before commencing 
the iteration programme which evaluates the temperatures 
at each point in the mesh at time ¢ + AT and so on. 

It will be noted that the air loses more heat than shown 
from the test figures. The water, however, gains more 
heat so that the heat balance is maintained. The reason 
for this error is the use of an approximate solution. If N 
is made very large, this error approaches zero. 

By putting A = 1, 2 and 3 the temperature distribution 
of each function is found to be as shown in Fig. 5. The 
initial temperatures, i.e. those corresponding to the 100%, 
load condition at time ¢ = 0 are shown boxed. ‘The 
transient calculation can be performed on a format of the 
type shown. The mechanics of the iteration become more 
obvious and the whole process of the solution of the 
equations becomes easy with a little practice. 

The first two equations of set | are: 


61° = 0.634 x 79.9 + 0.069 x 57.6 + 0.297 x 79.5 
= Tae F 

ei® = 0.213 x 79.9 + 0.186 x 139.7 + 0.601 x 57.6 
= 77.6°F. and so on; we obtain 

62° — 98.9°F. pio = 98,3°F. 

10 — 118.4°F, ey = 117.9°F. 


There is no need to evaluate ¢, since it does not enter 
the iteration. 

The reason for solving the air equation as the final step 
may be seen from the equations themselves in sets | to 3. 
The air equation requires the temperatures in the system 
10 sec. after the transient, so that it is necessary to find 
23°, oi® and ¢}° before working out »j°, ui? and 12°. 
The physical implication is that the air is able to change 
its temperature instantly, since we have assumed that its 
heat capacity is zero. Hence u}° must be computed using 
values »4° and ¢°. 

Solving for the air temperature we have: 


ws? = 0.78 x 188 + 0.22 x 117.9 = 172.6°F. 
yi? = 0.78 x 172 + 0.22 x 98.3 156.2°F. 
pi? = 0.78 x 156.2 + 0.22 x 77.6 = 138.9°F. 


This represents the temperature distribution in the 
system 10 sec. after application of the step change. Using 
these values of 6, ¢ and » at 10 sec., the procedure continues 
to evaluate the temperatures at 20 sec., using the same 
equations, the first equation in set 1 reading: 


Of +20 — 0,634 of +29 + 0.069 0+ 1 + 0.297 Of +1 etc. 


This continues until it is found that the temperatures do 
not change with time even though the iteration continues. 
This indicates that the final steady state has been estab- 
lished. In practice the best approach is to programme 
the entire method for a digital computer, which ensures 
numerical precision in the cycle of calculations. 

The numerical example quoted here was applied in 
this manner to a Pegasus digital computer. The problem 
was solved for N = 3 and AT = 10 sec., and run for 300 
sec. Problem solution and print-out of temperatures at 
each mesh point took about 6 min. The problem was 
repeated using N = 6 and AT = 5 sec., the net result 
producing an improved accuracy in lining up the steady- 
state heat balance at ¢ = 0 and bringing the calculated 
transient nearer to the experimental result. The results 
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for N = 3 and AT = 10 sec. is graphically plotted and 
compared with experimental results in Fig. 6. 

If a digital computer is not available, use of a desk 
calculator is recommended. 


Conclusions 


The finite difference method proposed for evaluation of 
heat-exchanger transients is an approximate yet powerful 
means of quickly assessing unsteady performance of heat 
exchangers. The present case, which deals only with step 
disturbances, has been described as it is the simplest for 
the purpose of illustration. If the disturbance applied is 
a step change in, say, 9) of +10°F. at time t = 0, the 
procedure is to use the average value of 0, at time ¢ = 0. 
For example, if the value of 6, is 100°F. in the initial 
steady state, the value to be boxed in Fig. 5 at point 0 
will be: 

10 


6 = 100 + : 105°F. 


and 0,* = 100 + 10 = 110°F. 


This technique is used since over the first 10 sec. the 
system sees an average temperature of 105°F. at point 
zero.’ 

The method may be applied to a case in which the 
disturbance takes the form of a ramp change in water 
flow or, say, a sinusoidal change in air flow. The dis- 
turbance should be plotted as a function of time and 
represented approximately by a series of step changes, 
using linear interpolation. The step change technique 
may be applied as described in the previous paragraphs. 
It should be noted, however, that the criteria of stability 
must be satisfied for each step and that, as an overall 
problem, the amount of numerical work is greatly increased. 

It is perhaps best at this stage to discuss briefly the 
effect of the various assumptions made in the analysis. 
Design techniques may also result in heat exchangers, 
the performance of which will be different in some respects 
to the type considered in the mathematics. In practice 
the metal tubes which carry the secondary fluid may not 
be thin, they may be in. or } in. thick. Extended surface 
in the form of studs or fins will obviously improve the 
performance of a given tube bank. The efficiency of the 
extended surface may be evaluated theoretically or obtained 
from experimental data, but this applies only to the steady 
operating condition. 

In the unsteady state the effects of transient conduction 
in the metal cause the actual transient response to be 
slower than the calculated response, since the latter assumes 
that the tube is very thin with no resistance to heat flow. 
There are no published data on the performance of extended 
surfaces in the unsteady state, and for this investigation it 
is suggested that the total metal investment in a tube bank 
containing extended surface should be computed as 
indicated in Table 3. The mathematics would otherwise 
become so complicated as to render physical interpretation 
almost impossible. In the numerical example, the value 
of fin efficiency was computed at the 100°, load condition 
using the formule given in reference 5. 

Because of the inaccuracies present in the evaluation of 
heat-transfer coefficients: ° and the thermal behaviour of 
the fins in the unsteady state which is difficult to evaluate, 
the author believes that a more exact solution? to the 
temperature transients is not wholly justified. 

It will be seen from Fig. 6, which is the temperature- 
time plot obtained from Fig. 5, that the calculated transients 
compare favourably with the experimental responses. The 
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Fig. 6 


departure between calculated and experimental results in 
the initial steady state is due to the errors in employing 
a finite number of sections which was discussed earlier. 
This error is almost negligible in the final steady state, 
since here « is almost unity. 

The calculated water temperature at the outlet from 
the heat exchanger changes more rapidly than the test 
value. The reason for this is probably due to the U-bends 
which connect the various tubes at the tube plate junction. 
These bends are outside the zone of heat transfer and 
hence the water flow path length in the calculation does 
not include the bend length. The net result is that the 
calculated values of temperature on the water side will 
fall more rapidly, since the water transit time per section 
is less in the theoretical model than is found in the actual 
bank of tubes tested. This fact is borne out if one con- 
siders the air temperature plot for this transient. The 
response matches the test figures quite well, neglecting the 
steady-state error. The gas transit time is exceedingly 
small, and there is negligible transit lag error. 

It is apparent from the results that the finite difference 
theory using physical values of heat-transfer coefficients 
(Ro), gives rise to an error between calculated and actual 
steady-state conditions. It can be shown theoretically 
that use of a weighted heat-transfer coefficient R,*, defined 
Ro* = Ro, where 


(Exp. [o(a - l/aN]} - 1 
iS O(a — 1)/aN 





and e=- will yield precise agreement. 
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Personal Paragraphs 








% Lord Netherthorpe, formerly Sir 
James Turner, has joined the board of 
Fisons Ltd. He was president of the 
National Farmers Union of England 
and Wales for 15 years until the 
beginning of last year. 

%* Mr. D. K. Fraser, joint managing 
director of G. A. Harvey & Co. (Lon- 
don) Ltd., has been appointed manag- 
ing director. Mr. H. E. Cooper has 
relinquished his office as joint manag- 
ing director, but remains a director of 
the company. 

* Mr. Charles H. Weaver, vice- 
president in charge of atomic power 
for Westinghouse Electric Corporation 
(U.S.A.) has been elected president of 
the Atomic Industrial Forum Inc. 
The forum is a non-profit-making 
association made up of business 
and professional organisations, labour 
groups, educational institutions and 
government agencies which are active 
in atomic energy development and 
commercial applications. 

% There have been the following 
changes on the board of Kestner 
Evaporator & Engineering Co. Ltd. 
Mr. B. N. Reavell has been appointed 
chairman, Mr. G. H. Black managing 
director and Mr. C. A. Pither 
director and secretary on the retire- 
ment of Mr. W. S. Knight after 47 
years as director and secretary. 


* Mr. B. A. Thurgood has been 
appointed resident director of George 
Cohen Australian Scrap Co. Pty. Ltd. 
He has been with George Cohen & 
Sons Ltd. for 31 years. 


* Dr. W. G. Schmitd has been 
appointed chief chemist of Scott 
Bader & Co. Ltd. 


* Mr. B. B. Mann, electrical sales 
engineer with automation and semi- 
automation background, has joined 
Electrical Remote Control Co. Ltd. 
and will be concerned with their tech- 
nical advisory service on the applica- 
tion of process timing to industry. 





Mr. C. Hull 


Mr. B. B. Mann 
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* Mr. C. E. M. Coubrough, 
managing director of British Xylonite 
Co. Ltd., retired recently. He has 
been with the company since 1920, 
a director since 1925 and managing 
director since 1939. For several years 
he was chairman of the Federation of 
British Industry. 


%* Dr. E. M. Vyner has been 
appointed director of research for the 
recently formed company of Leiner- 
De Mulder Ltd. For the last 20 years 
he has been with the Sheppey Glue & 
Chemical Works, of which he was 
a director and works manager. 


%* Mr. Arnold Lindley, vice-chair- 
man and managing director of G.E.C. 
Ltd., has been elected chairman of 
the company to succeed Sir Leslie 
Gamage on his retirement. He joined 
the company as an engineer appren- 
tice at the Erith works in 1918. 


%* Mr. M. A. L. Banks, Mr. A. F. 
McDonald and Mr. R. B. Southall, 
C.B.E., have been appointed to the 
board of British Hydrocarbon Chemi- 
cals Ltd., and Mr. C. E. Evans, 
0.B.E., has been appointed managing 
director. Mr. Banks is a director of 
B.P. Co. Ltd., Mr. McDonald a 
director of the Distillers Co. Ltd., Mr 
Southall a director and general mana- 
ger of B.P. Refinery (Llandarcy) Ltd., 
and Mr. Evans was previously general 
manager of British Hydrocarbon 
Chemicals Ltd. The company is 
jointly owned by B.P. and Distillers. 


* Mr. Douglas Bradley has been 
appointed technical manager of 
Sharples Centrifuges Ltd. He has 
been with the U.K.A.E.A. engaged in 
research and development work, in 
particular on problems relating to 
separation equipment. 

* Mr. J. M. Storey, c.B.£., has re- 
signed his position as managing 
director of Dewrance & Co. Ltd. to 
devote more time to his personal 
interests, particularly in the domestic 
boiler field. 

%* Mr. N. R. Dent has been appointed 
manager of the Fisher Governor 
Co. Ltd., a member of the Elliott- 
Automation Group. He has been 
with the group since 1957. 

%* Mr. Charles Hull has been 
appointed general manager of Shell’s 
Stanlow (Cheshire) refinery in succes- 
sion to Mr. C. R. Middleton, G.M., 
who has retired after 35 years with 
the group. 






















Mr. C. j. Bullock Mr. C.£. M. Coubi ough 
* Mr. C. J. Bullock has been 
appointed chief chemical engineer of 
Bennett, Sons & Shears Ltd. 


%* Mr. R. D. Pollard, director and 
chief metallurgist of Samuel Fox I td., 
has been appointed director of mctal- 
lurgy. Mr. R. Wilcock, works metal- 
lurgist, has been appointed chief 
metallurgist responsible to the director 
of metallurgy for the management of 
the company’s metallurgical depart- 
ment. 


* Mr. R. E. Putman has rejoined 
James Gordon & Co. Ltd. as chief 
engineer after having spent several 
years in England and Canada engaged 
on the application and development of 
electronic control equipment and sys- 
tems for power stations, sugar factories 
and oilfields. 


%* Mr. A. Kennaway has been 
appointed controller of technical opera- 
tions of B.T.R. Industries Ltd. This 
position gives him responsibility for 
major engineering projects, process 
and machine experimentation and the 
development of new techniques rela- 
tive to plant and factory layout, 
methods and instrumentation in the 
field of production engineering. He 
has been for 12 years with I.C.I. Ltd. 
plastics division and later chief en- 
gineer of plastics operations for Metal 
Box Co. Ltd. 


* Mr. J. H. Sellars has been 
appointed works manager of the 
United Coke & Chemical Co. Ltd. 
He was till his appointment work 
study officer. 


%* Mr. R. Lewis Stubbs, director 
of the Zinc Development Association, 
has been appointed director general of 
the Lead Development Association 
and the Zinc Development Associa- 
tion. He will be responsible for the 
overall direction and expansion of the 
work of both organisations and will 
represent them at international meet- 
ings. Mr. D. W. Payn has resigned 
as general manager and secretary to 
the Lead Development Association 
and has taken up an appointment as 
secretary designate to the London 
Master Builders Association. 





CHEMICAL & PROCESS ENGINEERING, March 1%! 














6 





Materials of Construction for 
Chemical Plant 


By J. C. Bailey,* s.sc., F.1.m. 





This article, discussing the use of aluminium and its alloys as materials of construction for 
chemical plant, is the tenthin this series. Previous articles have dealt with PVC, lead, nickel, 
stainless steels, graphite, polyolefines, copper, timber, platinum and titanium. It 
may be thought that there is already a sufficient variety of material available to the 
chemical engineer which offers properties and characteristics to meet all requirements. 
However, economic considerations make aluminium quite attractive to the plant designer. 


ECENT trends have made alumi- 

nium far more attractive in the 
current economic situation than it may 
have been some years ago. There are 
several underlying reasons for this 
new situation: 

(1) Aluminium is an economic 
material to use—for the service 
it can give it is good value for 
money. 

(2) It is readily available in every 
common form, shape and size 
needed in modern constructional 
practice. 

(3) It is amenable to easy manipula- 
tion, fabrication and welding and 
general handling. 

(4) It is easy to install because of 
light weight and, when once 
installed, requires little or no 
attention during its working life. 

In broad terms, construction in 

aluminium, where feasible, is likely to 
be less costly than in other non- 
ferrous metals or alloy steels; this is 
the basic incentive to study the 
material and evaluate its characteristics 
for a given application to see whether 
it can be successfully applied. This 
review attempts to summarise these 
broad characteristics and to indicate 
where they are successfully exploited. 


Available materials 

British Standards 1470 to 1477 
schedule a range of aluminium-base 
materials in all the common wrought 





* Aluminium Development Association. 


forms, ranging from 99.99%, pure 
aluminium, a highly ductile and malle- 
able material of low strength, to strong 
alloys such as HCI5WP, a clad high- 
strength product equivalent in strength 
to structural steel. Table 1 gives the 
principal properties and nominal com- 
position of those alloys likely to be of 
use in chemical plant; it can be seen 
that a variety of useful properties can 
be combined in any one material. 
The wrought alloys are available as 
sheet, plate, sections and wire and 
also in the form of foil, welded tube, 
tube with radial or axial fins, tube in 
strip, and roll-bonded heat-exchange 
plate (see Figs. 1, 2 and 3). A new 


Fig. |. Tube in strip, a new 
economic material for heat 
transfer, is made from rolled 
sheet and delivered in coil 
or in flat sheet which is then 
inflated pneumatically 
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product coming off plate mills recently 
laid down is wide plate, which can now 
be obtained up to 11 ft. wide and 50 
to 60 ft. long, and in thicknesses up 
to 6 in. if required. 

B.S. 1490 schedules standard alumi- 
nium casting alloys for general en- 
gineering requirements and Table 2 
indicates a selection from this series 
of those likely to be useful in chemical 
plant. Castings made for industry 
may range in weight from a fraction of 
an ounce to 6,000 Ib. or more (see 
Fig. 4). They are made by sand cast- 
ing, shell moulding, gravity diecasting 
or pressure diecasting. Recent years 
have seen the perfection of processes 
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for making extremely accurate castings 
where the dimensional tolerance if 
required can be as low as 0.003 in./in. 
This enables complex shapes with 
smooth surfaces to be achieved for 
exacting requirements, yet without 
recourse to elaborate machining and 
finishing techniques. 


Physical properties 

The physical properties of alumi- 
nium materials are shown in Table 3; 
the characteristics of the pure metal 
are not varied a great deal in most 
instances by the addition of alloying 
elements to make the alloys. Sig- 
nificant are the low specific gravity 
(about one-third that of ferrous 
materials and copper-base alloys), the 


Table 2. Properties of casting alloys: separately cast test bars 





(Courtesy: International Combustion Ltd., Derby 
Fig. 2. Extruded finned tubes in alloy HV9 used in a flush steam heater for preheating fuel oil 














0.1% Tensile Elongation 
| proof stress,* strength, on 2 in. General properties 
Material Nominal nt Oe ee = phon ee ee ee ee et 
designation composition tion Restsenaes ; 
| Sand | Chill | Sand | Chill | Sand | Chill to Machin- | Pressure 
| corrosion ability tightness 
B.S.1490 
LM5 Al-5% Mg M 50/} 5.0/ 90} 11.0] 3 5 | ae oe P 
LM6 Al-12% Si | M 3.5 4.5 10.5 12.0 5.0 7 Vv F Vv 
M 5.0} 55 | 80) 105) 20 3 
LM8 Al-5°%, Si-}° Mg P 85 85! 95) 120} 1.0 2 V F G 
W 6.5 6.5 10.5 15.0 2.5 5 
WP 14.0 14.0 15.0 18.0 ~_— 2 
LM10 Al-10°,Mg W 10.0 11.0 18.0 | 20.0 8.0 12 Vv G P 

















Fig. 3. Roll bonded heat-transfer sheet. The pattern may be of any design and configuration in 
sheets up to 33 in. wide and is well suited for integral cooling of apparatus for heat transfer 


low modulus of elasticity relative to 
steels (1 : 3), the relatively low melting 
point and the high coefficient of linear 
expansion (twice that of steel and one 
and a half times that of copper). 

The solution potential of aluminium 
makes it a less noble metal than copper 
or nickel but more noble than iron. 
Each of these properties has its 
characteristic effect on performance in 
service and a proper understanding of 
each one coupled with wide experience 
of aluminium materials in service that 
has been gained over many years 
enables the designer to decide how to 
use aluminium satisfactorily and 
successfully. 


V=Very good G=Good F=Fair P=Poor U=Unsuitable 


Design stresses 

Now that aluminium is being speci- 
fied for exacting requirements such as 
pressure vessels the design stresses for 
various materials and forms are being 
laid down. B.S. 1500 (‘ Fusion Welded 
Pressure Vessels for use in the Chemi- 
cal, Petroleum and Allied Industries ’) 
will shortly include data for the per- 
missible stresses in the common 
aluminium alloys. B.S. 3274 (“Tubular 


> : 





Fig. 4. Cast valve body in 
LM6 alloy B.S. 1490. Such 
valves are available in sizes 
up to 8 in. either for their 
lightness or for general cor- 
rosion resistance and for 
resistance to specific chemi- 
cals. They are also much 
used in instrument air lines 


CHEMICAL & PROCESS ENGINEERING, March 1961 139 











Table 3. Physical properties of aluminium and 


aluminium alloys 




































































aN. Thermal conductivity f Electrical 
| ieialteg | tee tenes. acta amslany | a2 Ce | Other prapieses of 
Material | Specific Weight | range | sion per °C, % at 20°C., oy ” | 99.5% pure . 
designation | gravity |lb./cu.in.| (approx.) |(20° to 100°C.) C.g.5. I.A.C.S.* | microhms/| I.A.C.S.* | aluminium 
°C. |} (x10-*) units of sq.cm. ae 994 
1B 2.71 | 0.098 658 24 0.54 to 0.55 | 58.7 to 59.8 | 2.8 to 2.9 | 61.6 to 59.4 Specific heat: 
N3 2.73 | 0.099 | 645 to 655 23 0.36 to 0.42 | 39.0 to 45.7 | 3.9 t0 4.9 | 44.21035.2| At20C. 0.214 
N4 2.69 | 0.097 | 595 to 650 | 24 0.35 to 0.38 | 38.0 to 41.3 | 4.6 to 4.9 | 37.5 0 35.2)“ aie 
N5 2.67 | 0.096 | 600 to 640 | 23 0.32 to 0.34 | 34.8 to 37.0 | 5.4 t0 5.7 | 32.0 t0 30.2 | Youns's , modulus 
N6 2.65 | 0.096 | 580 to 635 | 23 0.28 30.5 6.4 to 6.5 | 26.9 to 26.5 eg 
N5/6 2.65 | 0.096 | 540 to 630 | 23 | 0.28 30.5 Te Oe ee ey 
H9 2.70 | 0.098 | 580 to 660 | 23 | 0.47 to 0.48 | 51.1 to 52.2 | 3.3 to 3.5 | 52.01049.0) oe es 
H30 2.70 | 0.098 | 570 to 660 23 | 0.43 to 0.48 | 47.0 to 52.2 | 3.4 to 3.8 | 51.010 45.4 | at 20°C. nae, 
LM5 2.65 | 0.096 | 580 to 640 23 | 0.30 32.6 6.0 | 287 ted 2% NaCl 
LM6 2.65 | 0.096 | 565 to 575 20 0.37 40.0 47 | 36.6 pce 4 
LM8 2.70 | 0.098 550 to 625 23 | 0.35 to 0.46 | 38.0 to 50.0 4.6 is Be electrode) 
LM10 2.55 | 0.092 | 450 to 620 25 | 0.20 21.8 85 | 20.2 -740 to -750m\ 
*International Annealed Copper Standard. 
Table 4. Design stresses of aluminium and aluminium alloys Heat Exchangers for General Pur- 
(Partial extract from Table 12, B.S. 3274) poses ”) has just been issued specifying 
po are Design stress in lb./sq.in. at °F. permissible stresses in heat-exchan Ber 
aterial Temper tubes. Work is proceeding on a code 
designation 100 200 300 400 of practice for aluminium pressure 
, vessels and on standard sizes of 
Beso} Sx | 388 | 260 | 339 | 2882 | aluminium tube and pipe with, par 
; Wethte. : ; ticular reference to the oil industry. 
S1C Oo 2,350 2,300 1,850 1,300 The co-operation of the appropriate 
B.S.1470 tH 3,500 3,150 2,650 2,100 authorities and insurance companies is 
tH £000 3,650 3,000 2,200 ensuring that satisfactory and reliable 
NS3 Oo 3,350 2,900 2,400 1,800 recommendations are made that will 
B.S.1470 }H 4,250 3,800 3,300 2,650 be acceptable to the chemical engineer- 
tH ) 4,700 4,000 3,100 ing profession. Table 4 gives data 
NS4 D O 6,250 6,200 5,400 3,900 extracted from these standards, which 
B.S.1470 iH 7,750 7,650 6,400 4,800 include stresses for various elevated 
sH 8,500 8,400 6,900 5,300 temperatures. Additional information 
on stress-rupture, creep characteristics 
es 470 WP 10,500 9,900 7,900 4,400 and short-time tensile properties up to 
400°C. has also been published,’ * 
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strength without loss of ductility is common to all the medium-strength aluminium alloys, including 
welded 
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Fig. 5. The effect of low temperature on the properties NP5/6-M plate. 
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The increase in tensile 
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although aluminium is not usually 
employed much above 150°C. 

In the last few years studies have 
been made of the behaviour of 
aluminium alloys for general engineer- 
ing requirements at sub-zero tempera- 
tures and these have revealed a general 
increase in strength without loss of 
ductility that is characteristic of metals 
with a face-centred cubic crystal lat- 
tice. More important from the de- 
signer’s point of view is the absence 
of transition zones at sub-zero tem- 
peratures, and their undesirable asso- 
ciation with brittle fracture. In con- 
sequence aluminium alloys have 
proved satisfactory for service down to 
-150° to 200°C., including welded 
plant, e.g. liquid oxygen containers 
and more recently liquid methane con- 
tainers. Details of properties at these 
low temperatures are given in recent 
papers*: 4° and typical tensile data 
for alloy NP5/6 are given in Fig. 5. 
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Chemical resistance 


The general corrosion behaviour of 
aluminium and its alloys, including its 
good resistance to the atmosphere and 
to many specific chemicals, arises from 
the relatively inert nature of the thin 
invisible adherent oxide film which 
forms naturally in air or oxygen. 
Although very thin (about 10 to 5 mm.) 
it is very stable and also self-healing 
if damaged, provided oxygen is pre- 
sent. Exclusion of oxygen at any 
points of breakdown in the film may 
cause pitting, extensive under reducing 
conditions but very limited and often 
self-stifling under oxidising conditions. 
It follows that neutral or oxidising 
substances are often compatible with 
aluminium, as for example hydrogen 
peroxide. 

The oxide film is sometimes 
thickened artificially by anodising, 
which can prevent pitting and, in the 
case of atmospheric exposure renders 
the surface immune to deterioration for 
long periods. Dissolution of the pro- 
tective film occurs most readily in 
liquids of high or low pH value outside 
the limits 4 to 9 pH® (see Fig. 8). 
Neutral or oxidising substances, includ- 
ing nitric acid, inorganic salts, acetic 
acid, paraffins, alcohols and many 
organic compounds such as natural and 
synthetic oils, sugar products, plastics, 
supply waters and coal-tar products, are 


treated, stored and transported in 
aluminium containers. 


baser metals, magnesium and zinc. 
In contact with stainless steels be- 
haviour is not usually as predicted by 
the table of solution potentials as the 
stainless steels also rely on an inert 
oxide film for their natural resistance. 
Often aluminium and stainless steel 
are compatible, but in some extreme 
circumstances, e.g. conditions of rapid 
motion of fluids creating cavitation or 
in very strong electrolytes (particularly 
if the chlorine ion is present), some 
bi-metallic effects may be experienced. 
The compatability of aluminium with 
various other metals is well sum- 
marised in a paper issued by the 
Inter-Service Metallurgical Research 
Council’ and in the A.D.A. Informa- 
tion Bulletin No. 21. 


Fig. 7. Dip brazed construction in a large heat exchanger for a gas purification plant. 


Fig. 6. Small pressure vessel in fully heat 
treated HE30 alloy. Used for storing com- 
pressed air at 3,000 p.s.i. pressure 


This 


process is very suitable for assembly of gilled and finned heat exchangers made from sheet, 
strip and tube 
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2- Hydrochloric acid 
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5- Phosphoric acid 

6- Sulfuric acid 

7- Ammonium hydroxide 
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(Courtesy: ‘Materials in Design Engineering’ 


Fig. 8. Corrosion resistance of aluminium exposed to chemicals of varying pH value 


Aluminium is anodic to certain 
metals and under adverse corrosive 
conditions can therefore suffer bi- 
metallic corrosion. Direct metallic 
contact should be avoided with copper 
and copper-based alloys and, in some 
circumstances, with iron and steel. On 
the other hand, aluminium is sacrifici- 
ally protected by similar contact with 


Where there is a possibility of bi- 
metallic effects, a good practice is to 
eliminate direct contact of the dis- 
similar metals by the use of non- 
conducting gaskets, washers, etc., 
made of plastic or rubber. In many 
instances, jointing compound or paint 
coatings separating the two metals are 
adequate. 
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Extended life of clad aluminium 

Research effort during recent years 
has yielded methods of avoiding or 
reducing pitting of aluminium in 
aqueous solutions. Clad materials are 
available comprising an aluminium 
alloy core of the requisite strength 
coated on the outside with an integrally 
bonded layer of pure aluminium or 
aluminium-zinc alloy which is anodic 
to the core material. Under corrosive 
conditions where pitting is a possibility 
the pits only penetrate the cladding 
layer and then the underlying core 
material is protected cathodically by 
the cladding and perforation thereby 
prevented. 

This duplex type of material is 
invaluable for condenser tubes and 
other tubular or sheet constructions 
and has resulted in the life of com- 
ponents being extended many times 
over. The application of impressed 
current or the use of sacrificial anodes 
of zinc or aluminium-zinc alloy for 
the protection of aluminium structures 
are other possibilities that have been 
practised to a limited extent. 

In the production of many products 
such as cosmetics, essential oils, certain 
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(Courtesy: Laporte Chemicals Ltd. 


Fig. 9. Various items of aluminium plant during erection for the manufacture of hydrogen peroxide 


inorganic chemicals and pharmaceuti- 
cal products, aluminium is specified 
because it enables both the colour and 
purity of the final product to be pre- 
served. For the handling of food 
products and pharmaceuticals the non- 
toxic qualities of aluminium are a 
safeguard. The wide usage of alumi- 
nium milk churns and dairy items has 
established also the satisfactory charac- 
ter of aluminium surfaces from the 
aspect of hygiene and absence of 
lodgement for bacteria. There also 
are many industrial detergents and 
sterilising agents suitable for cleaning 
aluminium surfaces. These often in- 
corporate an inhibitor such as a silicone 
compound. 


Non-sparking properties 

Aluminium has an excellent safety 
record in industrial environments 
where the ignition of explosive gas 
mixtures by sparks may be a hazard 
despite many years of usage in chemical 
engineering operations, no cases of 
sparking or explosion have been re- 
ported (except for dust explosions). 
The high heat of combustion of 
aluminium means that sparks from it 
may easily ignite explosive gas mix- 
tures, but it is not a material that 
sparks readily in practice. 


Fabrication and joining 

Purity of 99.5%, is often specified 
for aluminium for process equipment 
and, because of its good malleability 
and ductility (see Table 1), it can 
readily be bent and shaped to design 
requirements. Conventional equip- 
ment such as brakepress, bending rolls 
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and tube-bending machines are suit- 
able, but it is advisable to clean the 
contacting surfaces so as to avoid 
inclusions of steel or copper alloy in 
the surfaces being worked. Spinning 
and dishing are readily accomplished 
both on small and large sizes up to 
12 ft. diam. The medium-strength 
aluminium-magnesium alloys, which 
are widely used for welded structures, 
are also readily worked into shape 
with intermediate annealing where 
necessary. If it is necessary to shape 
heat-treated alloys to any considerable 
extent beyond that permissible without 
recourse to heating, the recommenda- 
tions of the materials supplier should 
be sought. 

Joining may be achieved by fusion 
welding, resistance welding, brazing, 
mechanical jointing and adhesive bon- 
ding. For chemical plant, welding and 
brazing are the most important pro- 
cesses. 

Fusion welding is accomplished 
with normal oxy-acetylene equipment 
and the appropriate fluxes and filler 


Table 5. Typical tensile strengths 
of inert-gas-shielded butt welds 














: Typical tensile 
Material strength across weld 
designation (as welded), ton/sq.in. 
IB-O and }H 4.9 
N3-O and #H 7.0 
N4-O and }H 12.5 
N5-O and }H 14.8 
N5/6-M 17.0 
N6-O and }H 17.8 
H9-W and WP 12.0 
H30-WP 12.0 (re-heat- 
treated 19.2) 











rods. B.S. 1453 (‘ Filler Rods and 
Wires for Gas Welding’) and B.S. 
1126 (‘ General Requirements for the 
Gas Welding of Wrought Aluminium 
and Aluminium Alloys’) give details 
of suitable filler rods, weld preparation 
and technique for the various alloys. 
Much commercial plant has been 
fabricated by these means, although 
the tendency today is to employ gas- 
shielded metal arc-welded processes, 
which are simpler and require less 
training of the operator. The non- 
consumable tungsten electrode process 
(TIG) is widely used and joint design 
and the selection of filler rods have been 
largely standardised since this technique 
came into common use in industry 

The inert shielding gas used in this 
country is usually argon, but helium 
and mixtures of the two are used in 
U.S.A. B.S. 2901, Part 1 (‘ Gas 
Shielded Tungsten Arc Welding’), 
and B.S. 3019, Part 1 (‘ General 
Requirements for Manual Inert-Gas 
Tungsten Arc Welding ’), give recom- 
mended filler rods and details of tech- 
nique appropriate to good welding 
practice and the achievement of reli- 
able joints. The other major shielded- 
arc process in use is consumable 
electrode shielded arc (MIG welding), 
attractive because of the high speeds 
of welding that can be achieved and 
the facility of positional welding. It 
is a simple, elegant process well suited 
to modern requirements of speed and 
flexibility in the welding shop and on 
site; plant is available for welding up to 
1}-in. thickness and more if necessary. 

A high joint efficiency (90°) can 
be obtained on non-heat-treated alloys 
with the use of the correct filler rod, 
as indicated in Table 5. It is possible 
to weld castings to sheet or plate in 
many instances. 

In addition to the welding codes and 
standards mentioned above a large 
measure of common agreement has 
been reached on the appropriate test- 
ing methods to be applied to welds in 
these materials. These include radio- 
graphic inspection and mechanical 
tests for Class I requirements, ¢.g. 
pressure vessels. Stress relieving is 
not normally considered necessary for 
welded aluminium construction, but 
in the case of heat-treated alloys such 
as H30 it may be desirable to impart 
a final heat treatment to the finished 
component in order to restore fully 
the mechanical properties of the 
material and eliminate the softened 
heat-affected zone on either side of 
the weld. 

Details of all these welding pro- 
cesses and methods of testing welds 
and welders are given in A.D.A. Infor- 
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mation Bulletin Nos. 5 and 19. 
Recently equipment has become avail- 
able in the U.K. for MIG welding 
with fine filler wires (0.030 in. diam. 
minimum) which makes possible the 
welding of relatively thin material 
down to ;; in. thickness. Welding 
speeds are high. 

Resistance spot welding of alumi- 
nium alloys is commonly practised 
and recent developments enable fusion 
spot welds (full penetration welds) to 
be made by modified T.I.G. processes ; 
M.I.G. processes are also being 
developed. 

Stud welding for the attachment of 
threaded studs or other fasteners to 
plate internal is regularly done in the 
larger sizes of studs (4 in. and 3 in. 
diam.) and equipment for fixing 
smaller studs is becoming available. 


Brazing 

Brazing is mainly limited to pure 
aluminium, aluminium - manganese 
alloys and Al-Mg-Si alloys, and it 
leaves the material in a fully annealed 
condition. It is an excellent process 
for complex sheet assemblies such as 
finned heat exchangers or radiators 
(see Fig. 7). Torch brazing is suitable 
for occasional joints, but furnace or 
flux-dip brazing is more commonly 
used for large areas of jointing and 
thin material. Brazed joints are neat 
in appearance and generally less costly 
than fusion-welded joints but must 
have flux removed. A.D.A. Infor- 
mation Bulletin No. 23 describes the 
materials and techniques. 
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The material of construction for chemical plant to be discussed in 
next month’s issue of CHEMICAL & PROCESS ENGINEERING will be 


REINFORCED PLAS 
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Mechanical and adhesive jointing 

Mechanical jointing may be accom- 
plished by lock seaming, bolting or 
riveting, and techniques are fully de- 
veloped for the attachment of sheet 
components such as wall cladding or 
coverings for thermal insulation on 
towers or tanks. A number of pro- 
prietary systems of lock jointing are 
available, some of them effecting a 
lock joint by means of a ‘ snap-on’ 
device that requires no accessories and 
presents a clean external appearance. 

Adhesive bonding is applicable to 
sheet materials, particularly where in 
service the principal stresses are shear 
stresses. Synthetic resins are used to 
form the joint with the application of 
heat and pressure to cure the resin 
adhesive; recently these have been 
extended to include cold-setting resins. 


Conclusion 

This article has aimed to do little 
more than indicate the principal 
aluminium-base materials of special 
merit for chemical engineering plant 
and equipment. Their composition 
and properties are indicated and the 
forms available including special pro- 
ducts such as finned tubes and heat- 
exchange plates. The ease of fabrica- 
tion, welding and assembly are out- 
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lined and behaviour in contact with 
the atmosphere and various specific 
chemicals. 

There are many uses to which 
aluminium can be put in chemical 
engineering and process work and the 
choice between aluminium and other 
materials hinges on economic con- 
siderations. This does not mean 
simply relative first cost of a com- 
ponent or even of the complete instal- 
lation, but may have to include avail- 
ability of material, continuity of sup- 
ply and ease of manufacture. The 
economic case also includes expected 
life, ease of repair and the amount of 
maintenance required in service, and 
general reliability. 
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Fig. 10. This modern plant is insulated with ‘Newtherm’ calcium silicate and finished with ‘ Corrosheath’ aluminium cladding (Engineers, C.J.B. Ltd.) 
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Orders and Contracts 





Gasification plant 

The photograph at the bottom of 
the page shows a model of a Texaco 
partial oxidation gasification plant 
which P.G. Engineering Ltd. are 
designing and supplying for Ferti- 
lisers & Chemicals, Travancore Ltd., 
South India. The plant, which will 
produce carbon monoxide and hydro- 
gen, also includes process units for 
high-pressure CO conversion and the 
removal of CO, and residual H,S by 
water scrubbing. 

Carbon produced in the generator 
is recovered and recycled. 

Initially the plant will process 
naphtha, but is laid out so that if fuel 
oil is to be used the additional acid 
gas purification plant can be added. 
(A more detailed description of this 
process was given in CPE, January 
1961, p. 1.) 


FOR MEXICO 


Crude fractitionating column 
16-ft. internal diameter, 
127 ft. 8 in. long, weighing 
85 tons, at the start of its 
journey to the Minatitlan 
Refinery in Mexico. The 
column was manufactured by 
Head Wrightson Teesdale Ltd. 


Chemical plant in India 


A contract worth about {1.3 million 
for the design and construction of a 
chemical plant in India has been placed 
with Humphreys & Glasgow. 

The plant, which is to be built at 
Bulsar, 120 miles from Bombay, for 
the Atul Products Ltd., an Indian 
company, is an extension to an 
existing chemical works. 

The contract is for the detailed 
engineering, procurement, supervision 


of erection and assistance in the com- 
missioning of the plant. It will pro- 
duce chemical products based on 
naphthalene and these are to be used 
in the preparation of dyestuffs. 

The manufacturing programme in- 
cludes 24 different products, but a 
feature of the plant will be its standard 
range of reaction vessels which will 
allow for variations to be. made in the 
programme as sales demand. 
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Sulphur recovery 


Parsons Powergas have received an 
order from the H. K. Ferguson Co. 
to design, engineer and supply a 
sulphur recovery unit for Argentina. 

The plant handles an acid feed gas 
and will produce 42 long tons/day of 
sulphur with a minimum purity of 
99.5% 

Parsons Powergas is an association 
of the Ralph M. Parsons Co. of U.S.A. 
and the Power-Gas Corporation Ltd. 








Model of partial oxidation gasification plant to be built in India 
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Venturi scrubber 


In the venturi scrubber made under 
licence from Waagner-Biro by Am- 
buco Ltd., the water is introduced 
ahead of the venturi by means of a 
special nozzle spraying directly into 
a specially shaped entry. The design 
of the entry is so arranged that the 
gases are compelled to pass through 
two complete cones of water. 

In the first cone the water droplets 
are of a relatively large size and are 
primarily effective in collecting the 
coarser solid particles. In the second 
cone (produced by the venturi entry 
shape) the droplets are considerably 
finer and their velocity is reduced. 

At the same time the velocity of the 

















Diagram showing how two separate cones of 
water are produced to achieve the double 
scrubbing action in the Venturi scrubber 


Regrinding equipment in position on one of the journals of a 10 ton ball mill at a North of England 
chemical works. Both journals were restored to accuracy and superfinish in a total of six days— 
which, it is claimed, is half the time it would have taken by any other method 


gas and dust particles increases as it 
passes the venturi. This is said to 
result in ideal conditions for the 
collision of the dust particles and fine 
water droplets, with consequent maxi- 
mum collection efficiency of the finest 
particles. 

Droplet size is controlled by posi- 
tioning the water introduction nozzle 
relative to the venturi entry. 

An advantage claimed for the scrub- 
ber is lower pressure loss, with con- 


sequent lower power requirements. 
CPE 1632 


Regrinding operation 


When a ball mill at a chemical works 
was stripped down recently for a 
routine overhaul, it was found that 
the journals were badly ridged and 
had worn slightly cone shaped. The 
normal method of repair would have 
been to transport the mill to a machine 
shop where it could be turned in 
contact with a special cutting tool. As 
the mill weighs some 10 tons, the 
problems of both transport and 
machining would have been consider- 
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able and the latter could have involved 
a risk or irreparable damage to the 
journals. 

Nicol & Andrew Ltd. undertook to 
carry out resurfacing of the journals 
provided the ball mill could be jacked 
up. 

It was arranged that portable 
Master-Hone equipment and operators 
would travel by road early the next 
day so that work could commence 
within 24 hr. 

The Master-Hone grinding head 
consists of a split pulley and frame 
carrying banks of grinding stones, and 
the driving belt must be adjusted 
constantly to correct ovality and 
restore uniformity of diameter along 
the length of the journal. 

Working round the clock, it took 
three days to true-up each journal. 

CPE 1633 


Spectrometer 


A fully-automatic X-ray fluorescence 
spectrometer has been developed to 
analyse materials rapidly in a flexible 
routine. Ease on changing from one 
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analytical programme to another was 
considered in the design. 

The instrument made by Hilger & 
Watts Ltd. will deal with any element 
having an atomic number of 12 (mag- 
nesium or higher) and will analyse up 
to 20 elements in one operation. It 
scans through the spectrum and is 
programmed to stop at the appro- 
priate angle for each element. The 
spectrometer is completely evacuated. 

It works on a ratio system and 
pulses are counted during the accumu- 
lation of a pre-set number of counts 
on the monitor. Scintillation and flow 
proportional counters are arranged to 
cover the whole range of an analysis, 
and no adjustment is needed. To 
change from one type of analysis to 
another it is only necessary to pull 
out the plug board and substitute 
another covering the required pro- 
gramme. 

An electric typewriter automatically 
prints the results obtained from the 
line intensities, and interpretation is 
rapid and straightforward. CPE 1634 


Tilting pan 
A 200-gal. steam- 
jacketed tilting pan 
built by T. Guisti & 
Son Ltd., which has 
been designed to meet 
the special require- 
ments of Helena Rubin- 
stein Ltd. It is believed 
to be one of the largest 
of its type to be built 
in Britain. It is push- 
button operated and 
has a counter rotating 
agitator unit with four- 
speed drive. The agita- 
tor assembly is lifted by 
a motorised hydraulic 
ram. Tilting of the pan 
is effected by a hand 
wheel and gear mech- 
anism. CPE 1635 


Aluminium furnace 


The Morgan Crucible Co. Ltd. has 
extended its range of crucible furnaces 
with a furnace of 1,300 lb. aluminium 
capacity. The range of furnaces is 
designed to provide a simple and 
flexible melting unit embodying all 
the features stipulated by the alumi- 
nium die-casting industry. 


The furnace has a melting rate of 
1,300 Ib./hr., hydraulic lip axis pouring 
with variable control, and a low metal 
loss. Although it is said to be particularly 
suitable as a bulk melter for the die- 
casting foundry supplying metal for 
bale-out furnaces, it is also recom- 
mended for use on its own. CPE 1636 


SYNTHETIC RUBBER 


Catalytic cracking units 
at the Gennevilliers, 
Paris, works of the Gaz 
de France, the French 
nationalised gas indus- 
try; 4,000 sq.m. of 
these units are protected 
by coloured coatings 
based on Hypelon syn- 
thetic rubber. 

These coatings are said 
to be useful in service 
where fumes, spillage and 
splashing of oxidising 
chemicals are encoun- 
tered. They do not 
embrittle with age, or 
crack when the surface 
to which it is adhered 
expands and contracts 
due to the elasticity. 

CPE 1637 


Urea process 
A process which is said to offer nitro- 
gen fertiliser manufacturers con- 
tinuous, trouble-free operation at 
economical production cost has been 
designed by Chemical Construction 
Corporation. 

The process employs the principle 
of carbamate solution recycle, which 
facilitates the complete consumption 
of the ammonia and carbon dioxide 
used as raw materials, a simpler 
operation that requires the minimum 
amount of equipment, and _ utilises 
only a smal] quantity of water for the 
recycle of unconverted ammonia and 
carbon dioxide. This results in a high 
concentration of product urea before 
the evaporation stage. 

The process has a method of con- 
serving the heat that results from this 
operation, and less steam is required 
than by other methods. This new 
process also saves on electric power 
and cooling water CPE 1638 


Oversize particle detector 


An oversize particle detector, designed 
to provide a means of detecting 
whether process plant is producing its 
normal product in respect to fineness, 
is offered by W. S. Barron & Son Ltd. 
The unit will give warning of any 
increase in particle size of products 
being produced in powder form. 

By incorporating the detector into 
the flow a sample of the material will 
be continually tested and a warning 
will be given either visually or by 
sounding an alarm. CPE 1639 
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Further polyethylene expansion 

There is to be a further expansion of 
polyethylene production facilities at 
the Southampton factory of Monsanto 
Chemicals Ltd. The first stage will 
be fully operational early in 1963 and 
will add about 50% to the present 
capacity, which is more than 17,000 
tons p.a. 

The layout of the plant will facilitate 
the addition of further units as the 
market develops. This is the second 
expansion of the plant, which was 
commissioned in the spring of 1959 
with a capacity of 10,000 tons p.a. 
The plant makes a wide range of 
polyethylene using the high-pressure 
process. 


Marketing engineering plastics 


Polypenco Ltd. have established 
a subsidiary company, Polypenco 
(France) Ltd. S.A.R.L., in France to 
market the range of engineering plas- 
tics manufactured at their Welwyn 
Garden City plant. 

Another subsidiary, Polypenco 
GmbH., was formed early in January 
in Cologne, Germany. 


Pharmaceuticals development 


I.C.I. Ltd. is to spend more than 
£4 million on improving and develop- 
ing the research, production and dis- 
tribution facilities of its pharma- 
ceuticals division. Negotiations for 
the purchase of a suitable site at 
Macclesfield, Cheshire, near the divi- 
sion’s Alderley Park research labora- 
tories, are proceeding and when these 
are complete plans will be drawn up 
for the erection of a modern factory 
for the production, packaging and 
distribution of pharmaceutical pro- 
ducts. 

At present I.C.I.’s pharmaceutical 
products are finished at its Regent 
factory, Linlithgow, which will have 
to close in two to three years’ time. 


Export organisation 

Davy-Ashmore Ltd. have formed a 
new subsidiary, Davy-Ashmore Export 
Co. Ltd., to manage and develop the 
overseas selling and engineering orga- 
nisation and to promote a further 
extension of the group’s export trade 
in capital goods. 

The formation of this subsidiary is 
an expression of the group’s policy to 
expand export business. It is hoped 
that the new company will be able to 


provide valuable assistance to overseas 
buyers in the handling of large ‘ turn- 
key ’ contracts in the fields of iron and 
steel, chemical, petrochemical, gas and 
petroleum engineering. 


Pipeline by helicopter 

A helicopter was used to lay 2,000 
ft. of 8-in. steel pipeline for the 
Associated Portland Cement Manu- 
facturers Ltd. across the Thames 
marshes at Cliffe, near Gravesend, 
Kent. 

A hover-plane was chosen for the 
job rather than heavy land transport 
because of the boggy nature of the 
ground over which the pipe was 
being laid. 

Taking off from a hard roadway, it 
carried 20-ft. sections of pipe, each 
weighing 440 lb., and lowered them 
onto the marsh, where men bolted 
them together. 

The pipeline is a duplication of the 
existing line through which clay, 





Pipelaying across the Thames marshes 
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excavated by two electric grab cranes 
mounted on floating pontoons, is 
pumped as slurry through an inter- 
mediate pumping station to storage 
tanks at Cliffe jetty. 

By normal methods the operation 
would take between 10 days and a 
fortnight; eight hours’ flying time 
were used for the pipe laying. 

The contract, which is worth about 
£3,000, was awarded to the Le Bas 
Tube Co. Ltd., who have supplied 
the pipe and planned the operation. 


Chemical market research 

Roger Williams Technical & Econo- 
mic Services Inc., of New Jersey, 
U.S., consultants in chemical market 
research, have opened their second 
European office in Geneva. The first 
was established in London about a 
year ago. Activities of the European 
offices will be co-ordinated by Mr. 
Terence D. O’Keeffe, vice-president 
and European manager from the 
London office. 


Extension at King’s Lynn 

First major addition to Dow Agro- 
chemicals Ltd.’s new £1 - million 
chemical factory at King’s Lynn, Nor- 
folk, is a plant to produce the new 
Dow coccidiostat Zoamix—3,5-dinitro- 
o-toluamide. 

This is a remedy for coccidiosis in 
poultry, which has as its active in- 
gredient the drug zoalene. 

The contract for the construction 
of the plant has been let to Con- 
structors John Brown Ltd., while the 
actual building work is to be carried 
out by Kyle Stewarts. 


Abrasive firm expands 


An American firm, Behr-Manning 
Ltd. in Northern Ireland have an- 
nounced expansion plans. The com- 
pany produces 30,000 different types 
of abrasives in a factory at Castlereagh 
on the outskirts of Belfast. 

Since 1953 they have occupied a 
90,000-sq.ft. government factory. In 
two stages they will increase their 
production space by a total of 49,000 
sq. ft. and their administrative accom- 
modation by 6,000 sq. ft. 


Plastic containers 

Albert E. Reed & Co. Ltd. has 
entered the field of plastic containers 
by establishing a company called Reed 
Plastic Packaging Ltd. 

Reed will hold 60°, of the capital 
of the company, the remainder being 
held by Polythene Drums Ltd., whose 
proprietors have agreed to merge their 
interests in packaging with those of 
the Reed Paper Group. 
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New Books 





Organo - Metallic Compounds. 
By G. E. Coates. Methuen & Co. 
Ltd., London, Second Edition, 1960. 
Pp. xiii + 366. 45s. net. 


Prof. Coates’ book, which originally 
appeared in Methuen’s series of Mono- 
graphs on Chemical Subjects, has 
been much expanded for this new 
edition. In the four years since the 
appearance of the earlier book, this 
subject like many another has increased 
in scope, importance and especially in 
sheer volume. This new edition is, 
therefore, timely and appropriate. 
Much of the text appears to have been 
rewritten, and a few earlier obscurities 
ironed out. Formulae and equations 
are clear in presentation and are 
liberally used, but the general layout 
lacks somewhat in elegance. There 
are about 1,000 references in all, 
which is evidence enough of the 
thoroughness of literature coverage. It 
is worthy of note that reference is 
made to many quite recent papers, 
especially valuable in the areas of 
rapid development. 

Chapter 1 deals with the alkali 
metals. Its sections comprise organo- 
derivatives of lithium, of sodium and 
the heavier alkali metals, and coloured 
aromatic organo - alkali compounds 
with delocalised negative charge (e.g. 
benzyl sodium). The section on 
lithium compounds could perhaps 
have described the synthetic versatility 
of the lithium alkenyls (e.g. the pre- 
paration of polyenes, or of azulene 
starting from cycloheptanone) and alky- 
nyls (e.g. an improved synthesis of 
rubrene). 

The next chapter discusses the 
organic compounds of the Group II 
metals, and the striking gradation in 
their properties, paralleling the electro- 
negativities of the elements, are well 
brought out. The section on organo- 
mercury compounds is especially good. 
The brief discussion of the reactions 
of ortho-dihalogeno benzenes with 
metals, involving the ‘ benzyne ’ inter- 
mediate, could have included mention 
of the divergent paths which can lead 
to the formation of diphenylene (with 
magnesium), or of diphenyl and tri- 
phenylene (with lithium). 

The greater part of Chapter 3 is 
rightly devoted to the compounds of 
boron, which here comprise alkyl and 
aryl derivatives of boron, boronic and 
borinic acids, boroxines, borazines, 
and heterocyclic compounds contain- 


ing boron and carbon. The work on 
the dissociation of borane-amine com- 
plexes, etc., developed by H. C. 
Brown, is mentioned, but in view of 
its great importance to organic chemists 
especially, it could perhaps have been 
given more prominence. One would 
also have liked to see mention of the 
neutral aromic system, 9-aza-10-bora- 
phenanthrene. 

Chapter 4 includes an excellent 
section on compounds of tin, in which 
notable developments have taken place 
in recent years, and some of which 
have achieved technical importance. 
Chapter 5 describes compounds of 
antimony and bismuth, but not of 
arsenic, discussion of which (together 
with silicon and phosphorus) was 
considered outside the scope of the 
book. 

The final chapter deals in exemplary 
manner with the transition elements 
and includes much recent work of 
great interest, such as the cyclobuta- 
dienyl complexes of nickel, the allyl 
m-complexes of palladium and especi- 
ally the metal bicyclopentadienyls (and 
related carbonyl complexes). The 
treatment of their electronic structure 
is both expert and detailed. 

The subject index is brief, but 
generally adequate. It is indeed 
unfortunate that an author index was 
not prepared, its inclusion would have 
been in keeping with the high merit of 
the book. 

In brief, this is thoroughly to be 
recommended both as a text and as 
a reference book. 

P. H. Gore 


Standard Methods for the 
Examination of Water and 
Wastewater. By American Public 
Health Association, American Water 
Works Association, Water Pollution 
Control Federation. American Public 
Health Assoc. Inc., New York, I Ith 
Edition, 1960. Pp. xxi + 626, 58 
+ xx Figs. 


The five years which have elapsed 
since the publication of the last edition 
of ‘A.P.H.A. Standard Methods ’ have 
been well spent by the three American 
organisations responsible for it. For 
the new IIth edition the general 
introduction has been enlarged (it now 
includes a section on the statistical 
treatment of data, clearly destined for 
much further elaboration in future 
issues), many revisions of methods of 


determination have been made and 
there are three new chapters—on 
measurement of radioactivity in water 
and liquid wastes, on the detection and 
isolation of iron and sulphur bacteria, 
and on the determination of the 
toxicity of poisonous substances and 
effluents to fish. 

Itis one of the merits of this work that 
its sponsors arrange for very thorough 
checking of new methods before they 
are adopted. Thus, taking one method 
of topical interest—that for the deter- 
mination of alkyl benzene sulphonate 
(the anionic surface-active constituent 
of household synthetic detergents), by 
a variant of the method of Longwell 
and Maniece—the description ends 
‘a synthetic unknown sample contain- 
ing 0.40 mg./l. abs. in distilled 
water was determined with a standard 
deviation of +0.05 mg./l. in 40 
laboratories . . . 46 analysts reproduced 
their own results within -+-0.01 mg. |.’ 
The work involved in obtaining and 
collating data on this scale will be well 
known to anyone who has taken part 
in a similar exercise. 

The general approach to new 
methods of analysis is one of caution. 
Thus the colorimetric method for 
alkyl benzene sulphonate in water is 
classed as ‘tentative’ and it is not 
recommended at all for quantitative 
determinations in sewage effluent in 
which, it is known, interfering sub- 
stances may often be present. 

In America, as in Great Britain, it 
is realised that, unless an effluent is 
of very simple composition, the only 
practicable way of assessing its toxicity 
to fish is by a direct test. It would be 
convenient if this could be a ‘standard’ 
test, determining a property of the 
effluent from which its effect, if dis- 
charged to a river of known charac- 
teristics, could be predicted. There 
are obvious complications in doing 
this; for example, the toxicity of most 
(or perhaps all ?) poisons increases with 
a reduction in concentration of dis- 
solved oxygen; that of some sub- 
stances—for example, ammonia—de- 
pends on pH value; and that of 
metals such as copper and zinc on the 
hardness of the water. The Americans 
have evidently concluded that for 
these reasons a standard test would 
be too difficult to apply and, though 
they recommend reasonable unifor- 
mity of experimental procedure, their 
test is designed primarily to assess the 
effect of a given effluent on the fish in 
the river to which it is actually dis- 
charged. Thus the river water is used 
as diluent and the species of fish 
exposed are those which are of chief 
importance in the locality. 
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This may well be the best way of 
getting the test accepted quickly as 
a practical guide to the quality of 
effluents. It is perhaps worth noting, 
however, that the test for oxygen- 
absorbing capacity (biochemical oxy- 
gen demand) is a ‘standard’ test, 
involving the incubation of an effluent 
mixed with a specified dilution water 
prepared from distilled water and 
nutrients in the laboratory; it will be 
interesting to know, when some solid 
work has been done on the subject, 
how the deoxygenating properties of 
the effluent so measured are similarly 
affected by the physical and chemical 
characteristics of a river to which it 
may be discharged. 

It is unnecessary to recommend this 
new edition except to those who have 
not met earlier ones—it will be stan-- 
dard equipment in almost all labora- 
tories where water, sewage and trade 
wastes are analysed. 

B. A. SOUTHGATE 


Radioactive Wastes, Their 
Treatment and Disposal. General 
Editor: J. C. Collins, E. & F. N. Spon 
Ltd., 1960. Pp. 239. 55s. 


The nuclear industry, born in the 
middle of the 20th century, dare not 
repeat the terrible mistakes committed 
by the founders of the chemical indus- 
try in the middle of the 19th century. 
For the early chemical manufacturers 
the ends always justified the means; 
thus only the saleable product of a 
chemical reaction was important, any 
unsaleable by-products or effluents 
being indiscriminately discharged into 
the atmosphere or streams and rivers. 
It is to the credit of our generation 
that such selfishness is no longer 
tolerated. Consequently, ever since 
the early days of atomic energy as 
much effort has been devoted to the 
effective treatment and disposal of 
radioactive wastes as to the develop- 
ment of new reactors. 

It is therefore most useful to have 
a single book dealing with all branches 
of this rather diffuse subject. The 
structure of this book is in the form 
of a compendium consisting of 10 
chapters dealing with one special 
aspect of radioactive wastes written by 
leading specialists in this field. The 
10 chapters deal with the nature of 
radioactivity, the source of radioactive 
wastes, the hazards of radiation, the 
measurement of radioactivity, the laws 
of radioactive wastes in Great Britain, 
the treatment of radioactive liquid 
effluents, biological concentration of 
radioactivity, the disposal of radioactive 
liquid effluents, the disposal of radio- 


active solid wastes and the discharge 
of radioactive effluent to the atmo- 
sphere. 

The most interesting and novel 
parts of this book concern the treat- 
ment of liquid effluents by concen- 
tration, evaporation and ion exchange 
(some very sound chemical engineering 
thinking is the basis of these particular 
unit operations). R. H. Burns has 
written authoritatively and with great 
clarity on this subject. The chapter 
dealing with biological concentration 
of radioactivity discusses the treat- 
ment of radioactive effluents by 
methods similar to those used for 
ordinary sewage. Such an approach is 
very attractive because it could reduce 
considerably the expense involved in 
waste treatment. 

The increasing tendency to write 
specialist books in symposium form is 
one that must be welcomed, since this 
represents the maximum amount of 
brainpower in the minimum concen- 
tration of book volume. Catering as 
it does for a very wide range of pro- 
fessional people—civil, municipal and 
chemical engineers, biologists and 
chemists—this extremely well-written 
book should fill an important gap in 
nuclear literature. 

I.L.H. 


Resonance Absorption in Nu- 
clear Reactors. By L. Dresner. 
Pergamon Press, Oxford, 1960. Pp. 
131. 40s. net. 


Knowledge of the extent to which 
neutrons are absorbed in the reson- 
ances of U*** is of great importance in 
reactor design; in addition to its 
influence on the reproduction constant 
of the system, resonance absorption 
determines the fuel temperature co- 
efficient of reactivity and has a sub- 
stantial effect on the fuel economy 
through its influence on the plutonium 
production rate. Looking ahead, 
similar problems will arise in reactors 
where the fertile material is Th?**: 

It is not surprising that, since the 
first attempts to establish a self- 
sustaining chain reaction in natural 
uranium, this problem has engaged 
a great amount of effort, both theo- 
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retical and practical. Hitherto the 
results of this work have been widely 
scattered in the literature, the only 
collected accounts being in textbooks 
of reactor physics where the available 
space was necessarily limited. The 
present volume is the first systematic 
account devoted only to this topic 
and can be strongly recommended in 
spite of its high price. 

After a brief historical review, the 
subject of slowing down of neutrons 
in a homogeneous capturing medium 
is examined, followed by the develop- 
ment of the theory of resonance cap- 
ture in a homogeneous medium. Two 
chapters are devoted to the more com- 
plex problems of heterogeneous sys- 
tems while another is given to special 
topics such as complex fuel elements 
and the interaction between reso- 
nances. The final chapter is devoted 
to a critical comparison between theory 
and experiment. 

This book should be of great value 
to all who are interested in the physics 
of reactor design. It assumes a fair 
general knowledge of reactor physics 
together with a reasonable mathe- 
matical knowledge, but the book may 
be read at two different levels, since 
the author has been able to adopt the 
device of ‘starred sections’ which 
may be omitted at a first reading. 

This book may therefore be con- 
fidently recommended as a satisfying 
account of a complex subject. 

P. J. GRANT 


Harmful 
Radiations. By €E. 
Elsevier Publishing Co., 
1959. Pp. xii + 158. 


Effects of lonising 


Browning. 
London, 
15s. net. 


This small volume presents clearly 
and concisely the aspects of the prob- 
lem of ionising radiations which are 
of special importance in the field of 
industry. The danger of radioactive 
fall-out is also considered. The 
book is authoritative, the authoress 
having had a great experience of the 
subject as an H.M.I. of Factories. 

Topics dealt with include units 
of radiation, maximum permissible 
dosage, instruments for measuring 
radiation, protective measures recom- 
mended and sometimes enforceable by 
statutory regulation, industrial appli- 
cations of ionising radiations and their 
biological hazards. It is hoped that 
Dr. Browning’s book will help to 
ensure that persons using ionising 
radiations and radioactive materials 
take proper precautions against a 
potential hazard to present and future 
society. 

D. F. C. Morris 


149 














Translation of nuclear literature 

Euratom, the U.K.A.E.A. and the 
U.S. Atomic Energy Commission are 
to pool their efforts to collect and 
disseminate information concerning 
translations of nuclear literature, 
especially from such languages un- 
familiar to Western readers as Russian 
and Japanese. 

A central information office, ‘ Trans- 
atom ’, has been established at Eura- 
tom’s Brussels headquarters. It will 
function in two ways. Firstly, by 
publishing a monthly Transatom Bulle- 
tin, which will list existing trans- 
lations recently reported to the Brus- 
sels office as well as new translations 
planned by international or national 
institutions and private firms in the 
European Community, the U.S., the 
U.K. and in other countries. 

Secondly, all data relating to trans- 
lations, including those made before 
the establishment of Transatom, are 
being collected and recorded in a 
master file system at Brussels. Copies 
of this card file have been offered to 
appropriate institutions in countries 
with great interest in the nuclear field. 


A year of operation 

One of Calder Hall’s four nuclear 
reactors has just completed 12 months’ 
continuous operation during which 
period the reactor was generating 
electricity at full load for 95.6% of 
Continuous operation was 


the time. 





Sith Nuclear Notes 


from February 2, 1960, to January 31, 
1961, when the reactor was shut down 
for routine maintenance and change 
of fuel. No shut-down due to fuel 
element failure was necessary between 
these dates. The period not on full load 
was accounted for by the following: 


o 


o 

Experimental work 2.5 
Scheduled maintenance of ‘ancillary 

equipment 0.7 

Unscheduled blower maintenance 0.6 
— maintenance of other 

equipmen ay 0.4 

Special aa on fuel elements 0.2 

Total 4.4 


Low-activity liquid wastes 

Low-activity liquid wastes need 
special methods of disposal depending 
on individual conditions. 

For this reason, the Institute of 
Nuclear Research, Czechoslovak 
Academy of Sciences, Prague, will 
undertake a research project to ascer- 
tain the physico-chemical require- 
ments for the disposal of low-activity 
liquid radioactive wastes in soil. 

The aim of this project is to work 
out a method of radioactive waste 
disposal by injection into soil and to 
study the course of plugging in suit- 
able geological formations. This 
method of disposal appears at present 
to be the only possible one for many 
countries with geographical and geo- 
logical conditions similar to those in 
Czechoslovakia. 





Temperature stability test rig during erection at Fairey Engineering’s works at Heston. A graphite 
stack contained within the vessel surrounded by scaffolding is being used to simulate the core 


of Hi 
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CTOR 


This is the hundredth research con- 
tract awarded by I.A.E.A. to scientific 
and research institutions and labora- 
tories in member States since the 
beginning of the research contract 
programme in 1958. 


Design of HECTOR 


The U.K.A.E.A. has appointed 
Fairey Engineering as the major con- 
tractor for the design and censtruction 
of its new zero-energy experimental 
reactor, HECTOR. It will be erecied 
at the Winfrith Heath Establishment 
and will be used to reproduce and 
study the properties of different 
designs of power reactor. 

It comprises a small central test 
region in which can be constructed 
a section of the core of any type of 
solid-moderated power reactor. This 
region is surrounded by a graphite- 
moderated enriched uranium fuelled 
region which ‘ drives ’ that under test. 

There is a central cylindrical hole 
within the test region in which it is 
possible to oscillate samples under 
test. The effect of the oscillating 
sample on the power of the reactor 
can be measured and related to the 
neutron physics properties of the 
sample under the condition obtaining 
in the test core. 

In this reactor it will be possible to 
maintain the test region at tempera- 
tures up to 450°C. with temperature 
drift rates no greater than 0.003°C. 
min. It will be used to study reactor 
fuels, poisons and structural materials. 
The reactor is expected to become 
critical during 1962. 


Seismic research 


In connection with the work of the 
conference on nuclear test control at 
Geneva, there is to be a programme of 
seismic research bearing on the detec- 
tion and identification of underground 
nuclear explosions. 

This programme is now being 
planned in detail by the U.K.A.E.A., 
and suitable areas for the siting of 
seismic measuring instruments are 
being investigated. Many of the tests 
will probably take place in disused 
mines and quarries; others may take 
the form of charges dropped at selected 
points in the channel from naval vessels. 

An operational centre for seismic 
work is being established at a con- 
verted country house a few miles 
from Aldermaston. 
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Directory of reactors 

The third volume of the World 
Directory of Nuclear Reactors, pub- 
lished by the International Atomic 
Energy Agency (I.A.E.A.) contains 
detailed information on 96 research, 
test and experimental reactors cur- 
rently in operation or under con- 
struction in 21 countries. 

The reactors have been grouped 
into the following main categories: 
light water moderated, pool type (27); 
light water moderated, tank type (21); 
liquid homogeneous (6); solid homo- 
geneous (19); heavy water moderated 
(13); graphite moderated (4); and 
fast research reactors (6). 

Full details are given for one 
representative reactor in each group 
and for reactors having little similarity 
with any other. For the remaining 
reactors, similar to those described in 
full detail, general information and 
major modifications are given. 

Besides some general information, 
the detailed descriptions include phy- 
sics data and data on the core and 
the fuel elements, core heat transfer, 
control, reactor vessel and overall 
dimensions, reflector and shielding, 
containment, cost estimate and re- 
search facilities. Drawings and dia- 
grams of the fuel element, core 
arrangement and of horizontal and 
vertical sections of the reactor are 
provided to convey a general idea of the 
layout and disposition of the reactor 
components and associated equipment. 


Diary 


to the one shown above. 





REACTOR FOR PAKISTAN 


Pakistan’s Ambassador to the United States, Mr. Aziz Ahmed (foreground) 
examines the control console of the 5-MW research reactor designed and built 
by American Machine & Foundry Co. for Industrial Reactor Laboratories in 
Plainsboro, New fersey. Seated with the ambassador is K. M. Kaiser, 
Minister of Embassy, while Otto A. Schulze, general manager, A.M.F. 
Atomics Division, explains the operation of the control panel. A.M.F. has 
developed a plan for a complete nuclear research institute at Pakistan’s new 
capital of Rawalpindi, which will include a 5-MW pool-type reactor similar 














MARCH 14 To 15 Conference on the 
condensation of superheated 
steam to be held at the National 
Engineering Laboratory, East Kil- 
bride. Details from the Director, 
National Engineering Laboratory, Heat 
Division, East Kilbride, Glasgow. 


MARCH 16 Lecture on charge trans- 

fer in organic solids induced by 

light to be given by Prof. A. N. 

Terenin in the rooms of the Chemical 

a Burlington House, London, 
wks 


MARCH 21 Discussion meeting of the 
Institution of Chemical Engineers on 
some factors in the safe operation 
of air separation plants at the 
Geological Society, Burlington House, 
London, W.1, at 5.30 p.m. Details 


from the Institution of Chemical 
Engineers, 16 Belgrave Square, Lon- 
don, S.W.1. 


APRIL 11 A joint meeting of the Society 
of Chemical Industry and the Institu- 
tion of Chemical Engineers on a 
systematic classification of chemi- 
cal processes and equipment to be 
held at the Society of Chemical In- 
dustry, 14 Belgrave Square, London, 
S.W.1, at 6 p.m. 


APRIL 12 To 14 Plastics convention 
in Berlin, Germany. Details from 
Arbeitsgemeinschaft Deutsche Kunst- 
stoff-Industrie, Frankfurt am Main, 
Karlstrasse 21, Germany. 


APRIL 20 To 22 Conference on palaeo- 
magnetism to be held at King’s 
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College, University of Durham, New- 
castle upon Tyne. Organised by the 
Institute of Physics and the Physical 
Society. Details from the Adminis- 
trative Assistant, Physics Department, 
King’s College, Newcastle upon Tyne 
1. 


APRIL 25 Annual general meeting and 
dinner and dance of the Institution 
of Chemical Engineers to be held 
at the Park Lane Hotel, Piccadilly, 
London, W.1. Details from the 
Institution, 16 Belgrave Square, Lon- 
don, S.W.1. 


MAY 4 Lecture on some pathways in 
biosynthesis to be given by Prof. 
Birch at 7.30 p.m. in the rooms of the 
Chemical Society, Burlington House, 
London, W.1. 
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World News 








OF WEE Peters 


HUNGARY 


Three steel spheres to store natural gas imported from Rumama. 


They are 


part of a large chemical works in Hungary, the Tisza Region Chemical Combine, 
which is being built in Tiszapalkonya and Tiszaszenerkeny. 





UNITED STATES 


Rubber plant 

A polyisoprene, synthetic rubber 
plant is to be built by Shell Chemical 
Co. (U.S.A.) near Marietta, Ohio. 

Construction will start soon and it 
is expected to begin production by the 
end of the year. The capacity will be 
about 36,000 tons p.a. Hydrocarbon 
feedstocks will come from Shell Oil 
Co.’s Wood River refinery. 

Polyisoprene at present is being 
manufactured by Shell at Torrance, 
California, where it was introduced in 
1959. This plant is being expanded to 
an annual capacity of about 18,000 
tons p.a. 


Aluminium fluoride plant 

An aluminium fluoride plant costing 
about $1.4 million is to be built in 
Louisiana by Kaiser Aluminium & 
Chemical Corporation. 

The plant, which will be completed 
in mid-1962, will supply a large part 
of the aluminium fluoride require- 
ments of the corporation’s reductions 
plants. 

HUNGARY 


Third chlorine plant 
Hungary’s third chlorine plant is to 
go up at the Balatonfuzfo premises of 
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the Nitrokemia Co. near Lake Balaton. 

Larger machines and chemical in- 
stallations will be delivered by the 
Soviet Union. The design of the 
plant is based on Soviet plans. 


MOROCCO 


Potash exploitation 

The Bureau de Recherches et de 
Participations Miniéres and Potasses 
d’Alsace are to build a factory to 
exploit large potash deposits dis- 
covered between Rabat and Melines. 
Some 200,000 tons of fertilisers will 
be produced annually. It is planned 
to export 75°, of the total to other 
African areas, as well as India and 
China. 

UGANDA 

Superphosphate plant 

A superphosphate plant, capable of 
producing 25,000 tons p.a., is to be 
erected at Tororo, Eastern Province, 
by the Uganda Development Cor- 
poration. 

SWEDEN 

Polyethylene plant 

A joint company has been formed 
for the building and operating of a 
polyethylene plant at the planned 
petrochemical industry at Stenungsund 
on the Swedish west coast. The factory 


will have an initial capacity of 13,500 
tons p.a. of high-pressure polyethylene. 
The company’s share capital of Kr, 
40 million (£2.75 million) will be 
jointly contributed by the Stockho!ms 
Superfosfat Fabriks A.B. and the 
Union Carbide Corporation of U.S.A, 
Construction will start this year. 


Precious metal company 

Johnson Matthey & Co. Ltd. have 
acquired a controlling interest in the 
Swedish precious metal company A/B 
Gosta Nystrom. Mr. Gosta Nystrom, 
who founded the business in 1917, has 
retired and a new boerd has been 
appointed consisting of four Swedish 
and two British directors with Mr. 
Ove Trulsson as chairman. 

The Swedish company supply pre- 
cious metal products for all industrial 
purposes as well as for jewellery, 
silversmithing and dental require- 
ments. Since 1932 they have acted 
as agents in Sweden for some of the 
products of Johnson Matthey. The 
company will in future be known as 
A/B Nystrom & Matthey. 


CANADA 


Pipeline under the sea 

British Insulated Callender’s Cables 
Ltd. have received a $7-million con- 
tract from the Magna Pipeline Co. 
Ltd. of Canada to manufacture, install 
and commission 53 miles of flexible 
submarine pipeline to transmit a sup- 
ply of natural gas from the mainland 
of British Columbia to Vancouver 
Island. This installation will be the 
world’s longest flexible submarine gas 
pipeline. The pipeline is a develop- 
ment of the H.A.I.S. pipeline made | 
for wartime Operation Pluto (pipeline 
which carried petrol under the English 
Channel during the Normandy land- | 
ings in 1944), 

The system now ordered consists of © 
two flexible pipes laid adjacendy, 
which are required to pass a series of 
stringent tests including, for ex- 
ample, the ability to transmit about 
50 million cu.ft./24 hr. of natural gas. 
This is equivalent to 750,000 h.p. or 
560 MW. 

Each pipe will have an external 
diameter of 7.5 in. and will operate at — 
a gas pressure of 1,500 p.s.i. The 
maximum depth of laying will be about 
810 ft. 
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